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EXERCISES 



ON 



MENSURATION. 



Ezercisea (1).— (Mensnration, pai^e 15.) 

I. Find the hypoténuse of a right-angled triangle of 
which the base and perpendicular are : 



(i.^ 15 and 20. 
(2.) 12 and 15. 
(3.) 25 and 30. 



^4.^ 17 and 17. 
(5.) 625 and 515. 
(6.) 21*4 and 22. 



2. Find the base of a right-angled triangle of which 
the hypoténuse and perpendicular are : 



(i.^ 200 and 112. 
(2.) 12-5 and 6-25. 



(3.) i7«2 and i6«i. 



3. Find the perpendicular of a right-angled triangle of 
which the hypoténuse and base are : 



(i.^ 100 and 50. 
(2.) 1*25 and -05. 



(3.) 500 and 300. 



4. Find the diagonal of a rectangle whose adjacent 
sides are 15 and 12. 

5. Find the perimeter of a right-angled triangle of 
which the base is 36, and hypoténuse is 60. 

6. The diagonal of a rectangle is 100, and one of the 
sides is 50 ; find the other side. 
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7. The side of a squaie is 5 feet ; find its diagonal 

8. The diagonal of a square is 100 ; find its side. 

9. Find the perimeter of a square whose diagonal is 
J2-5 feet 

10. Find the perimeter of a square inscribed in a 
circle whose diameter is i. 

11. Find the radius of the circle circumscribing a 
square whose side is 6 feet 

12. Find the diagonal of a cube, the edge of which is 
12 feet 

13. The diagonal of a cube is 15 feet; find its edge. 

14. Find the distance from the centre of a circle 
of a choxd whose length is 30 feet in a cixde whose 
radius is 20. 

15. The radius of a circle is 15 incfaeSi the perpendi- 
cular fit)m the centre ^on a chord is la inches ; find the 
length of the chord. 

16. Find the length of the ieast chord, drawn through 
a point 3 inches from the centre of a drcle whose 
diameter is 10 inches. 

17. A ladder 50 feet long reaches a point in a wall 
30 feet high ; how i!ar is the foot of the ladder iiom the 
bottom of the wall ? 

18. A ladder 50 feet long reaches a point in a wall 
30 feet highy the foot of the ladder is drawn out along 
the ground 3 feet ; how far will the top of the ladder 
slip down the wall ? 

19. A pôle 60 feet high is broken by the wînd, and 
the top strikes the ground 10 feet from the foot of the 
pôle ; how far from the ground is the pôle bioken ? 

20. In an equilateral triangle, whose side is 10 feet, 
find the length of the perpendicular from any of the 
angles on the opposite side. 
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91. The perpendicular height of an equilateral triangle 
îs/ ; fînd the length of its side. 

22. The différence between the diagonal and side of 
a square is 5 feet ; find the length of the side. 

23. The sum of the diagonal and side of a square is 
5 feet ; find the side. 

24. Find the perimeter of an isosceles triangle, each of 
whose equal sides is s^ and the perpendicular on base/. 

2$. Find the lengths of the perpendiculars on the 
longest and shortest sides in the triangle whose sides are : 

(4.) 3» 4, S- 



^I.) 200, 250, 300. 
(2.) Z0| 12, 20. 
(3.) 17, 18, 19. 



(S.) 6, 8, 10. 



s, 10, 10. 



26. Shew how to find the segments of the sides in 
each of the above cases. 

27. Find also the diameters of the circumscribing 
circles. 

28. Find the lengths of the Unes drawn to the middle 
of the greatest and least sides from the opposite angles 
in the triangles whose sides are : 

(z.) 200, 300, and 350. I (2.) 500, 60O; and 750. 

29. Find also the lengths of the lines bisecting the 
angle between the greatest and ieast side in each of the 
above triangles. 

30. The base of a triangle is 48 feet, the height 20 
feet, and one of the sides is 24 feet; find the other side. 

31. In a right-angled trianglei having given the sides 
containing the right angle equal to a and ?, find 

(i.) The perpendicular from the right angle on the 
hypoténuse. 

(2.) The segments into which the perpendicular 
divides the hypoténuse. 

32. In a triangle ABC, ]£ Aaht drawn from the angle 
A to the middle of the opposite side, and Bb firom B to 



lO 
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the middle of the opposite side, intersecting each other 
in O ; prove 



I. (i.) Hère AC» = BC2 + AB» 

= (i5)2+(2o)2 
= 225 + 400 
= 625; 
«.-. AC= ^625 = 25- 

(2.) Hère AC^ =BC2 + AB« 

= (i2)2 + (is)a 

= 144 + 225 
AC2 = 369; 
.'. I9«209 = AC. 

(3.) Hère AC^ =BC2 + AB2 

= (25)' + (30)2 
= 625 + 900 




= 1525; .-. AC =39.051. 



(4.) Hère AC2 =BC2 + AB2 



_ rM2 



= 17-'+ 17- 



= 2.172; .-. AC=i7^2. 

(5.) Hère AC» =BC2 + AB2 

= (625)2 + (515)' 
= 390625 + 265225; 

^655850 = 809.84. 



.% AC 
(6.) Hère AC^ 



BC2 + AB2 
(21.4)2 + (22)2 
457-91 + 484; 



.*. ACss ^941.91 = 30.69. 
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2. (i.) Hère (BC)« 

= (AC)2 - (AB)2 
= (200)2 -(il 2)2 
= 4000 0-12544; 

.-. (BC)2= ^/m56 = 165.698. 

(2.) Hère (BC)2 

= (AC)2 - (AB)2 

= (12-5)2- (6.25)2 

= 156.25-39.0625 
= 117.1875; 



II 




.% (BC)2= J117.1S7S 

(3.) Here(BC)2=(AC)2-(AB)2 

= (17.2)2- (16. i)2 

= 295.84-259.21 

= 36-63; 

.;. (BC)2=,,/36:6i = 

3. (i.) Hère AW = AC2 '- BC2 

= 10000 — 2500 

= 7500 ; 

.% AB= ^7500 = 86.602. 

(2.) Hère AB2 = AC2-BC2 

= 1-5625 -.0025 
= 1-56; 
.'. AB= ^1.56=1.24. 

(3.) AB2 = AC2-BC2 

= 250000 — 90000 

= 160000; .'. AB= ,^160000 = 400 

4. (15)' + (12)' = ^', ■ ^ 

225 + I44 = :«:2^ 

369 = ^; 

•••>/369 = ^; 
.*. x= 19.209. 



= 10.82. 



6*052. 





"* 



. jlR^ ^:=^ 



^SOr 



t. H» :s«-J^= 



» ■ 
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9. Hère 2^= (12. 5)*, 



12 . 5 



2 

.'. * = 25 ^/2• 




10. 



2Jt^ = I, 

0:^2 = 1, 



JIF = 



7^' 




XZ. 



(6)«=2*«, 

6 =xj2; 




12. 



J^ 


= 12'+ 12*, 


J' 


= 12^2, 


^ 


= 122- 2 + 12*; 


;r 


= 12 VS. 




H 
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13' 



0^ + 2X^ = 



15^ 



3^= 



• • X ^^ 



22Sr 

5^3- 




14. Hère ofi 



a:2 = 



0:2 = 



/.a: = 



(20)»-(lS«), 
400 - 225, 

17s; 

S^/7. 




15. Hère a:2 = (i5)2_(i2)2 



= 225 
«81; 
/. :r =9, 

and length of chord = 18. 



-144 




x6. Hère 



«25 -9 
sx6 



* =4; 

.'. length of chord = 8. 
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17- 


Hère 


^ = (So)«. 


■ (30)^ 






= 2500- 


-900 






= 1600 j 






• 


'. * = 40. 






ï8. ^ =40 (see prevîous example), 
y=(So)«-(43)^, 
^^2 = 2500 -1849, 

original height = 30, 

présent n =25.51; 

.*. distance which ladder 
has slipped down = 4.49. 



19. io« + a:2 = (6o-jt:)2, 

xoo + 0:2^2600- i20a: + ^, 
1200: = 3600 -100, 
120a: = 3500, 
^s29*z6. 




40 




-X 



tù 



20. 



^«(10)». (5)2, 

^=100-25, 

^ = 75i 
X » 8-66. 




i6 
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21. 



X 



2 



**=/*+ ^, 



' je" 
4 

3*^ = 4/*, 




X = 



2/ 

7? 



22. 



23. 



^+^ = (^+5)2, 

2:r2 = a:2+ 10^+25, 
a®— loar=25, 



10+ J100 + 100 

*=^ > 

10 + 10^2 
:x^ =S±5n/?> . 



2^ = 25 — 10* + «*, 
0:2=25-101?, 

— 10 4:10 »y2 flp 
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24. To fînd perimeter. 
Hère x=2 J^-^y 



17 



J + J+ 2^J«-/*, 
2(X+ JF^^Fh 

25. (i.) To find the length 
of AD, we hâve 

ADBC 

= 2 Js{f — <£){s - ^)(j — ^) 

« 18750 V7 ; 

300 ^' 2 ^' 

200 ^' 4 





Mo 



Similarly, 



375 



(2.) To find the length of AD, we hâve 
AD.BC = 2^j(/-a)(/-^)(/-.^ 
^jy_ 2 Js{i-a)(s-b){S'' C) 



20 



Similarly, 



20 
BE= 1^231. 



(3.) To find the length of AD, we hâve 
AD . BC = 72 J15, 

AD^^i^. 



19 



Similarly, 



BE=Hj,5. 



i3 
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(4.) To find CD, we hâve 

CD. AB=i2; 

.*. CD = — = 2. 4. 

5 

Similarly, AC, the perpendiculàr on 
shortest side, = 4. 

(5.) To find the length of 
AD, we hâve 

AD . BC = 48, 

48 



AD = 



10 



S 





48 



Similarly, BA (perpendiculàr on shortest side) = ^ = 8. 



(6.) To find X, we hâve 

= 100 — ^ 
4 

^375 



Also 




X =T>/37S=^V2S'<iS 



= !^/^S. 



liy^ 



10 



x^ 



and 



S'\J^^=\-y; 
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ï9 




25 / 

••• y-fo^'^ 

26. By 25 (i), AD = ^^7; .-. weknow 

62500-^^9375^^ 
4 ' 

250000-109375 = 40:2, 

140625 = 4j::2, 

.•.187.5= ^, andj'=ii2.5. 

27. (i.) By Prop. V., 

abc 

~ 2 Js{i^a){s - b){s -- c) 

15000000 

1^8750 V7 
_8oo 

"■77' 

7 
(2.) By Prop. V., 

D = 




abc 



2 Js{s-a){s--b){s-'c) 
_ 2400 ^ 
""6^231^ 



B 
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• D= ^°° 



(3.) By Prop. V., 

_ abc 

D = 



2 Js{s^a){s-'b){s--c) 
5814 



72^15 
__ 2907 

4^15 

<4.) By Prop. V., 

abc 
D = 



2 Js(s-a){s—b){s—c} 

60 
12' 



(5.) By Prop. V., 



abc 
D = 



2^j(j-âJ)(j-^)(j-<r) 



-480. 
-48" 
.•. D = io. 

(6.) Hère by Prop. V., 

abc 
D = 



2js{s^a){S''b){S'-c) 
500 



V^ n/i5 
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31 



40 
■"^/IS 

_ 40 n/ iS 

«-Vis. 

28. (i.) Hère for AD, the Une to middle of longest 
side, we hâve 




2AD2 + 2(175)2 

= (300)2 + (200)2 ; 
.% 2AD2 + 61250 

3= 90000 + 40000 ; 



.*. 2AD2= 138000 — 61250; 
.'. 2AD2 = 68750; 
/. AD2 =34371; 
.-. AD = 125 ^s. 

Similarly, for CE, Une to middle of shortest side, we . 
hâve 

2CE2 + 2(100)2 = (300)2 + (3 jo)2, 

2CE2 + 20000 = 90000 + 122500, 

2CE2= 212500—20000, 
2CE2= 192500; 

.-. CE2 = 96250; 
.*. CE =310.2. 

(2.) Hère for AD, the Une to middle of longest 
side, we hâve 

2AD2 + 2(375)2 = (6oo)2 + (500)2 . 
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,\ zAD^ + 281250 = 36000 + 250000 ; 
.'. 2AD2 = 6 10600— 281250; 
.". 2AD2 = 328750; 
.-. AD2= 164375; 
.-. AD = 25 ^263. 

Similarly, for. CE, line to middle of shortest side. 



29. Hère AD 



= -7 Jâc(a + â + c)(b + c-a) 

= 5^ >/35o^ 200(850X250) • 




90t 



550 



^50 X 7 X 50 X 4 X 50 X 17 X 50 X S 



<0 X ^O X 2 , ^ 

50x11 '^' ' ^ 

ÇO X 2 , 

Similarly for the other bisectors. 



3a DC= V(24)'-(2o)2 



= ^44 X 4 

= 4n/ii; 
.*. BD = 48-4Vii; 




.•.AB2 = (2o)2+(48-4>/ii)^ 
.% AB = ^/(2o)2T(Ï8^^^iïp. 
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31. We hâve AB = (tf2 + ^)», 
and AB:BC ::BC:BD; 



23 



.-. BD = 

and 
Now 



a^ 



BC^_ 

AB " (a2 + IPf 

AD— ^- 

BD : CD ::CD : DA; 
/. CD2 == BD . DA 




-• • CD = 



ah 



32. Join a and h. 

In the two similar triangles, 
AOB, aOhy we hâve 

AO : AB waO \ ab^ 
or AO \aO \\ AB : ab. 

But AB = 2â:^; 

.'. AO = 2aO ; 
,\ Aa =3^0, 
or aO = ^aA» 



{a^ + âY 




Exercises (2).— (Mensnxation, page 23.) 

1. What must be the radius of a circle in which a 
chord of 15 inchçs is 5 inches from the centre? 

2. In a circle whose diameter is 20 feet, a chord of 
12 feet is inscribed; find the heights of the arcs. 

3. The height of an arc is 1 2 inches, and the chord 
of half the arc is 36 ; find the diameter of the circle. 

4. The height of an arc is 20 inches, and the diameter 
of the circle is 60 inches ; find the chord of half the arc. 
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5. In a drcle whose dîameter is 5 feet 4 incheSy the 
chord of the arc is 20 inches ; ûnd the chord of half the 
ara 

6. In a cîrde, the chord of half the arc is twice the 
height; prove that the height is half the radius. 

7. The chord of an arc is 20 feet, and the chord of 
haÛ" the arc is 30 ; find the diameter. 

8. In a circle whose radius is R, find 



fi.) Side of inscribed regular hexagon. 
(4.) Side of circumscnbed equilateral triangle. 



\S Side of circumscnbed regular hexagon. 
[3.) Side of inscribed equilateral triangle. 



9. In a drcle whose radius is R, shew that the side 
of the regular inscribed octagon 

10. In a cirde whose radius is R, shew that the side 
of the regular insctibed dodecagon 

1 1. Compare the perimeters of the inscribed equilateral 
triangle, the square, and the octagon. 

12. Find the radius of a cirde in which two parallel 
chords of 6 and 8 inches are i inch apart 

13. What is the length of the tangent drawn from a 
point 10 inches from &e centre of a cirde 8 inches in 
radius. 

14. How far from the centre of a given cûrcle must a 
point be taken, through which, if a tangent be drawn, 
the tangent win be equal to 

(i.^ The radins of the circle? 
(2.) The diameter of the cirde? 

15» "Hic distance between the centres of two cîrdes 
whose radii are R and r, is D ; find the lengths of their 
common tangents. What do thèse lengths bec(»iie when 

D = R + r? 

t6. Find the side of a regular decagon inscribed in a 
'le whose radius is R. 
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n 



17. If ^= the diagonal of a regular pentagon inscribed 
in a circle, whose radius is R, prove that 

R 



^= — n/iO+2^/S- 



I. 


Hère we hâve 




A2 = AD2 + DO» 




= (7•S)^ + (5)^ 


cr 


. ^=V(7-5)^ + S^ 




= V81.2S 




= 9-01. 


2. 


Hère AO - 10, 


and 


AD= 6j 




.-. DO =8; 




.-. height CD =2, 


and 


CD' =18. 





3. We evidently hâve 

HC:CA::CA:CD; 

. •• ^"^"CD-ïT. 
= 108. 



4. Agaîn, HC : CA : : CA : CD ; 

/. CA= ^HC . CD = ^60.20 = 20^3. 

5. Since HC = 64inches; 

.'. AO = 32, and AD = lo ; 
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.-. D0= V32^-io^= n/924 = 2^23i; 
.-. CD = 32-2^23I; 
.^ AC = ^64(32-2^231) = 8 ^2(16- ^231) = 10.43. 

6. We hâve AC = 2 . CD. 



But AC= VHC » CD ; ' 

.-. 2CD= ^HC . CD, 
or 2 VCD = VHC, 

or 4CD = HC = 2 radius ; 

.*. CD = ^ radius. 



7. CD = ^30^ - io2 = 20 J2. 
But HC.CD = AC2; 

CD 20 ^2 4 

= 22.5X ^2=3181. 

8. (i.) Side of inscribed hexagon is equal to the 
radius = R ; 

(2.) .'. (Prop. IX.) side of circumscribing hexagon 
is 

2R2 2R^ 2 p 

■" V4K^-R2~RV3~ ^/3 

(3.) Since side of inscribed hexagon = R ; 
.*. (Prop. VIII.) side of inscribed equilateral triangle 

= |V4SJ^^ = RV3. 
(4.) Since side of inscribed equilateral triangle 

,*. (Prop. IX.) side of circumscribing equilateral triangle 

- »RR V3 _ '»RV3 ,R /- 
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9. Side of the înscrîbed square = R ,^2 ; 

.*. by Prop. VIII. side of inscribed octagon 

= ^«^(TR- ^4R2-2R2) 

= ^R(2R - R'J'T) = R JT^z. 

10. Side of inscribed regular hexagon = R ; 

.•. by Prop. VIII. side of inscribed dodecagon 
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= 'SJr(2R- ^4R2-R^ 
= ^R(2R-RVJ) = RVTr;73. 

ï I. Side of triangle = R ^/3 ; 

. •. perimeter = 3R ^3 

Side of inscribed square = K J2; 

,*. perimeter of square = 4R J2 



••• 



(0- 



(*)• 



Side of inscribed octagon = R ^2 — J2; 



.*. perimeter of octagon = 8R ^2 - ^2 ... (3) ; 

.'. perimeter of triangle : perimeter of square : perimeter 
of octagon 

SRJS:41R.J2:SRJT^^ 

ZJZ : 4 n/2 : 8 V2- J2 
5>i972 : 5*6568 : 6«i224. 



12. LetQO = ^; .'. PO=i+^, 
AO2 = AP2 + PO2, 
and C02 = CQ2 + Q02, 

but AO = CO ; 

. -. AP2 + PO2 = CQ2 + Q0«, 
or 6 + (i +;r)2= 16+^, 




2& 

or 
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^=3=Q0; 



.•.0 = 074^ + 32 = 5. 



13- 



14. 
then (i) 



PT= J?0^ - 0T« 
= ^loo —64 = 6. 



PO = 7PT2 + TO2, 
P0= ^TÔ^TT^ 




(2) P0= 74T02 + TO» 

15. Let O and Q be the centres. 

(i.) From O as centre^ wlth radius equal to the 
différence of the 
radii of the given 
circles, describe 
the cîrcle W. 
From Q draw the 
tangents QV, QV 
to àe circle. Join 
OV and OV', 
meeting the cir- 
cumference in P 
andP'. DrawQT 

and QT respectively parallel to OV and OV. Join 
PQ with T, and P' with T. Then PT and PT are 
common tangents. 
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In this case, PT = PT = QV 



«9 



• • • 



... (i). 



This value for PT is always real^ 

if ^ D7R-r 

If the cirdes are exterior 
to each other, this condition 
is always fulfilled ; for in that 
case 

DvR + r, 
a fortiori^ D 7 R- r. 



If the circles eut, the con- 
dition expressed in (i) is 
always fulûUed, for in the triangle OSQ we hâve 




or 



OQ7OS-QS, 
DtR -r. 



If the circles touch intemally, 

D = R-r; 

>\ in this case the tangent is zéro. 




If one circle lies within the 
other, 

D^R-r; 

hence in this case the tangent is 
imaginary. 




(2.) From O as centre, with radius equal to the sum 
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of the radii of 
thegivencircles, 
describe a circle 
W. From Q 
draw the- tan- 
gents QV, QV, 
to this circle. 
Join OV and 
OV, meeting 
the circumfer- 
ence in P and 
P'. Draw QT 
and QT' paral- 
lel to OV and 
OV. Join P 
with T, and P' 
Avith T'. Then PT and PT are common tangents. 

In this case PT = P'T = QV = JXy^-i^^rf. 

This value for PT is always real^ 

if D 7 R + r (2) ; 

that is, if the circles are 
extemal to each other. 

If D = R + r, 

or if the circles touch each 
other extemally, the two 
tangents are coïncident^ and 
the length is zéro. 

16. See Prop. XI. 

17. First, let it be required to 
find AB the side of the regular 
pentagon. 

Since the side of the inscribed 
decagon (Prop. XI.) 

•. (Prop. VIII. Cor,) side AB 
regular pentagon 
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3« 



-.~(io + aVs)'; 



. •• AP« = -A-f ^^-r ; .-. OP o — ( Js + i). 
awS + 4^^' ' 

Now AD» = DO» + OA» + aDO • OP 



4 

aR»+R« , , 
= - V" -( s/S + i) 

4R» + R»+RVS SRi+RVS. 



...AD-RjS.tVi^R.^— -7^. 



ExerclMB (3).— (Mensuration, page 3&) 

1. Find the circumference of a circle whose radius is 

I.) 30 inches. (3.) 450 yards, 

a.) 3 feet 5 inches. 

2. Find the diameter of a circle whose circumference is 

i.^ 100 feet. ^4.^ 483 feet. 

*2.) 1.4 inch. (S^ J5 feet. 

(3.) 13 feet 6 inches. (6.) \ inch. 



\ 
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3. Find the circumference of a 4-inch drain pipe. 

4. The différence between the circumference and 
diameter of a circle is 

(i.) d, I (2.) 20 feet 

Find the radius of the circle in both cases. 

5. The sum of the ciicumference and diameter of a 
circle is 

(i.) s, I (2.) 20 feeL 

Find the radins of the circle in both cases. 

6. A circular grass-plot measures 50 feet in diameter ; 
find its circumference 

7. Find the circumference of a circle whose radius is 
12 feet 9 inches. 

8. How often will a carriage-wheel, which is 3 feet 6 
inches in diameter, tum round in going a distance of one 
mile. 

9. A wheel, which is a foot and a half in diameter, 
revolves 1200 times; through what distance has it 
passed ? 

10. What must be the radius of a wheel which 
revolves 220 times in passing over one half-mile? 

11. Find the circumference described by the point of 
the minute-hand of a clock 3f inches in length. 

12. Compare the rates at which the points of the 
hour and minute hands of a watch move, their lengths 
being respectively f and ^ of an inch. 

13. Compare the perimeter of a square, and that of 
the inscribed and circumscribed cirdes. 

14. Compare the circumference of a circle with the 
perimeters of the inscribed and circumscribed hexagons. 

15. The earth moving round the sun at the rate of 
1135 miles per minute, takes 365^ days to complète her 
révolution ; shew how to find the distance of the earth 

^m the sun, the orbit being supposed circular. 
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16. Find the least of the two angles subtended by the 
hands of a watch at 

(i.) 25 minutes past 12 o'clock. 

(2.) 35 tl M 2 II 

(3.) 20 II 11 3 II 

(4.) 50 ff ff 5 II 

(5*) 5 " »» 5 « 

(6.) 30 II H , 6 H 

17. When, between 3 and 4 o'clock, wîU the bands 
subtend an angle of 45° ? 

18. In a circle whose radius is ip inches, find 

(i.) The angle subtended at the centre by an arc of 
15 inches. 

(2.) The angle subtended at the centre by an arc of 
20 indies. 

(3.) The angle subtended at the centre by an arc of 
I foot 

19. Find also the correspondîng angles subtended at 
the circumference. 

20. In a circle whose diameter s 40 feet, find the arc 
of 25** 30' at the centre. 

21. What must be the radius of a circle, so that an 
angle of 75° at the centre is subtended by an arc of 36 
inches ? 

22. In a circle whose radius is i foot, find the angle 
subtended by an arc of i inch. 

23.' Find the angle at the circumference, which is 
subtended by an arc of 10 inches, ki a circle whose 
radius is 10 isches. 

24. Find the number of degrees in an angle formed 
by two chords intersecting 

(i.) Within the circle, | (2.) Without the circle, 

and intercepting arcs equal to. m and n^ the radius of the 
circle being r. 

25. Find the radius when an angle of 25° at the cir- 
cumference has an arc of 100 inches. 



a6« Find the angle whose circular measure is 



« 
B 



> *> '> ^» ï* ^* 



a;. Find the circular measure of thefoUowing angles: 
ao', 4$\ io8% 235% iia* 30', 150% 300^ 

a 8, Compare the radîi of two drdes» in whîch an 
angle of 40^ at the centre of the one, and an angle of 60'' 
at the centre of the other, hâve equai arcs. 

29, Find the compléments of the following angles : 

3a Find the suppléments of the following angles : 

xio^iS', 71% loS'as', 
as** lo', 6o% 135*. 

3i« The circular measure of an angle is f ; find 

(i,) Circular measure of the complément 
(a,) Il ti ti supplément 

3 a, What is the magnitude of that angle, the circular 
measure of whose supplément is three dmes \he circular 
measure of its complément ? 



1. C = arr. 

(i.) C = axx 20= 40»"= 40x3.14159. 

(2.) C = 2xx 41= 82x= 82x3>i4i59. 

(3.) C = 2s-x45o = 90or = 900x3.i4J59. 

2. D = — • 



, . ^ 100 

(i.) D = =100-3.14159. 



(2.) D = ^= 1.4^3.14159. 
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(3.) D = -^ = 150-4.3.14159. 

(4.) = ^ = 483-3-14159. 

(5.) D = -^= 55-3*14159- 

(6.) D = — '^ — =1-4.6.28318. 
^ ^ 314159 



3. 




C = 7rD. 
.•. C = 4Tr = 4x 3.14159 înches. 


4. 


Let 


r=the radius in both cases, 


then 




2irr = drcumference. 


and 




2r=diameter; 


then 


(I.) 


2irr— 2r = //, 


or 




r 2ir— 2 =^; 
2ir— 2 2(ir— i) 




(2.) 


Let //= 20 ; , 
20 10 




• • '■- 2(a- I) -«•- I ~ " • ^ '■^'•'5- 



5. Let, as before, r = radius of circle in both cases ; 
(i.) .'. 27rr+2r = Sj 

S 



.•. r=: 



2(7r+i)' 



^^•^ ^=^ = 10 -4- 14159- 



6. Circumference = 5ox3«i4i59. 

c 
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7. Circumference = 2irr 

= 2«7r . (153) inches. 
= 306 X 3 • 14 1 5 9 inches. 

8. For every révolution of the whed a- distance of 
427r inches is passed over ; therefore there will be one 
révolution for every time 427r inches is contained in i 
mile. 

But I mile= 1760 x 3 x 12 inches; 

.% number of révolutions = -^ 

427 

iy6o X 3 X 2 
7îr 

9. Circumference of wheel= iStt inches ; therefore, in 
revolving 1200 times, it must pass over a distance 

= 1200 X iStt inches. 

1200 X iStt - 
= ^6 yards. 

=s 6ooir yards. 

10. Let C = circumference of wheel in inches ; 

/. ^200 = 880x36; 

220 

= 144. 

,', r=-^ = — inches. 
2ir ir 

1 1. Circumference = 3^ x 2 x ir inches 

27 X 2 X ir . - 
= — ^ — 5 mches. 

o 
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1 2. Circumference desciibed by hour-hand in 1 2 hours 

= -J X 2ir, 

Circumference described by mînute-hand in 12 hours 

= j>x2irxi2; 

rate at which poi nt of hour-h and moves 
rate at whîch point of minute-hand moves 



5: 



X 2V 



16 



1^ X 2«'X 12 21 X 12 63' 



A..-' 



'•'V 



/ 



"^ 



^B 



"-^ 



IM^^ 



13. Let AB side of square = S ; 

S 
.*. radius of inscribed circle = ~, 

2 

and radius of circumscribed circle 

= S ^2 ; *** ' ' 

.*. perimeter of squai'e ^ 48. 

S 
Circumference of inscribed circle » ~ x sir =s rS. 

2 

Circumference of circumscribed circle 

= S <y2 X 2ir= 2Sir ^2 ; 

.-. perimeter of square : circumference of inscribed 
circle : circumference of circumscribed circle 

: : 4S : ttS : 2S7r J2 
: : 4 : ir : 2 ir ^2. 

14. Let r= radius of circle, 

then r = side of inscribed hexagon ; 

2T 

.*. (Prop. IX.) —y- = side of circumscribed hexagon 5 
.'. circumference of circle = 2irr, 
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perimeter of inscribed hexagon = 6r; 

perimeter of drcamscribecl hexagon = —j- ; 

.'. circumference of circle : perimeter of inscribed hexa- 
gon : perimeter of circumscribed hexagon 

: : 2Tcr : or : — 7- 

6 

: : «• : 3 •" 2 n/3* 

15. 1135 miles s distance travelled in i minute. 
1135 X 60 X 24 X 365^ = distance in 365 J days 

= circumference of earth's orbit ; 
.'. 1135X60X 24x365^ 

2ir 

= radius or distance of earth from sun. 

16. (i.) When the minute-hand has passed to 25 
minutes past 12 o'clock, the hour-hand, which moves 12 
times slower, has passed to 2yV minutes past 12 ; there 
is therefore 22^^ minutes between them. 

But 360** is subtended by 60' ; 

.'. ^2 — îs subtended by i minute; 

.•. ^ — X 22}J is subtended by 22]^ minutes, 

or 137** 30' is the smaller of the two angles between the 
hands at this hour. 



(2.) At 35 minutes past 2 o'clock, there are 22 
minutes between the hands ; 

.'. angle subtended = -T^ï-^ x 360®= 132° 30'. 



1 
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(3.) At 20 minutes past 3 o'clock, there are 3^*2 
minutes between the hands ; 

,'. angle subtended = ^- x 360** = 20**. 

(4.) At 50 minutes past 5 o'clock, there are 20^ 
minutes between the hands ; 

2o5- 
/. angle subtended = -^- x 360° = 12^®. 



(5.) At 5 minutes past 5 o'clock, there are 20y'jj- 
minutes between the hands ; 

20-Jtj- 

.\ angle subtended = —^ x 360° = 122° 30'. 



(6.) At 30 minutes past 6 o'clock, there are 2J- 
mînutes between the hands ; 

2i 
.'. angle subtended = 7^ ^ 360'' = 15°. 

17. (i.) Let « = number of minutes past 3 o'clock. 
Then while the minute-hand has gone the distance x^ 

X 

the hour-hand has gone the distance — . 

° 12 ' 

Therefore number of degrees in the angle, between 
the hands is 

65 "" 360, 

or (15-^ + ^)6. 

But, by the question, this is 45° ; 

.-. (i5-a:+^)6=4S. 
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9o-6^ + ~ = 4S; 



r, 45= ; .'. iiji: = 9o; 



•'. «=83^ minutes past 3. 

(2.) Agam, let 0? = time past 3 o'cloct 

Then 15 + ^, 

^ 12' 



- X 360 



60 

is the number of degrees in the angle between the 
hands : 

X ' 

.-. 6:^-90-- = 45; 



• • 



•*. ;x;= 24^ minutes past 3 o'dock. 

18. (i.) RadiiB= 10 inches; 
% angle at centre sabtended by 

15 inches = — x unit angle 
= 1^57° 17' 45"; 

(2.) .'. angle at centre subtended by 20 inches 

20 
= — X unit angle = 2 x 57'' 17' 45" ; 
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(3.) .•. angle at centre subtended by 12 inches 

= Hxs7»i7'45'. 

19. Since angle at circumference is half the angle at 
the centre on the same arc, we hâve 

(i.) Angle at circumference = 4 i< 57° 17' 45"> 

4 

(2.) " " =57° 17' 45". 

(3.) " « =y'<S7°i7'45". 

20. Diameter = 40 feet ; 

.'. circumference = 403r feet ; 
•% 4oir = arc subtended by 360** ; 

• 360 

.•.p^x25^= " «5° 30'; 

= î,5i^i|îfcet 
926 



• • 



21. The arc subtended by 75** = "^ of the circum- 
ference ; 

.'. -—-- of the circumference = 36 inches : 

360 ^ 

in. 

. •. circumference = — : 

75 ' 

.*. radius = ^ ^3 Q ^ 
2 X3rx7S 

y» 

22. Angle = -^ X unit angle = ^ x 57° 1 7' 45". 

12 12 



4« 
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23. The angle at the centre subtended by this arc îs 



57" 17' 45"; 



CT® 17' J.ç" 

.'. angle at circumference = ^-^ — . 



24. (i.) Since (Prop. XIII.) angle POQ is measured 

, m-\-n 
by arc w 





But arc — subtends 90°: 
2 

/. A, denoting angle by arc y we hâve 

2 



A : 00 : : : — : 

^ 2 2 ' 






(2.) Again, angle POQ is measured by arc 



m — n 



.•. A : 90 : : — • 

^ 2 2 



. im-n\ o 
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25. The arc subtended by 25° at the circumference is 
the same as the arc subtended by 50® at the centre. 

But the arc of 50° at centre = -^ of the circumference 

^ 360 

= -^ of the circumference : 

.•. -^ of the circumference = 100 înche& 
36 

^. - 100 X ^6 

Circumference = ^— : 

S 

j. 100 X î6 ^60 . , 
.'. radius = =^ = - — mches. 

2 X 5 X ir TT 



26. The angle whose cir. measure is i = 57® 17' 45" ; 



(3-) 
(4-) 

(S-) 
(6.) 



Il 



II 



II 



II 



II 



II 



- = -(57° 
3 3^ 

^ = -(57° 

1= 57° 

5 = S/..o 
3 y^' 

\->- 

« «=«(57° 



II 



II 



II 



II 



II 



7' AS")- 



7' 45"). 



7 45 • 



7^5"). 

7' AS")- 
7' AS")- 



27. Circiilar measure of i8o' 



«•; 






II 



II 



II 



II 



II 



II 



20' 



4s: 



Ï8Ô' 
207r 
180 

45^ 
180 



9 

4 
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(3.) Circular measure of loS"* 



(4.) 

(s) 

(6.) 
(7.) 



Il 



It 



II 



II 



28. Let fj and 
Tg be the radii of 
tne circles, 2Trr-^ 
and 2irr2 are the 
circumferences ; 

.'. by the ques- 
tion, 
40 



360 
-360 



X 2irr, 



X 2irr^ 



II 



II 



II 



235 



__ io8w 3ir 

"78^ =y 
180 36 ' 



TTo» -.«' ïï^Jtt 5ir 
112 30 == ^^ 



150' 



300 



180 ~ 8 • 



180 6* 

_ 3Qo^ _5^ 
180 " 3 ' 





or 



2'irr^ _ 2irr2 , 



9 6' 



. 'i_9_3 



29. Complément of 25° = 90° - 25°. 

75»= 90°- 75°. 
37° 15' =90° -37» 15'. 
8i'io'=9o''-8i''io'. 

7° 15' = 90» -7» 15'. 



Il 
II 
II 
II 
II 
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30. Supplément of iio® 15'= i8o°— iio® 15'. 

Il II 25** io'=i8o**— 25** 10'. 

M II 71'' =180^- 71^ 

Il II 60^ =180^- 6o^ 

M II 108^ 25'= 180''- 108° 25'. 

jt II 135^ =180''- 135°. 

31. The circular measure of the right angle = -. 

.*. the angle whose circular measure is ^ has for the 
circular measure 

/v /--^ t -^ % 4^ — 6 2ir — 3 

(i.) of its complément — - = ^—^ — = \ 

24^ 4 

. (2.) of its supplément ît — - = ^^ -. 

4 4 

32. Let ^ = the circular measure of the angle to be 
found ; 

. % ir— ^sdicular measure of the supplément, 
^-^= .. ., complément. 



But by the question, 



2«'— 2^ = 3ir — 6^; 

4 



v 



But that angle whose circular measure îs - is -— — 
**^ 4 4 



= 45°. 
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Exercises (4).— (Mensnration, page 44.) 
I. Find thè area of a rectangle whose sides are 



(i.) 9 and 8. 

(2.) 96 and 48. 

(3-) 365 and 400. 

(4.) 750 ft and 621 ft. 

(5.) 876 ft and 940 ft 

(6.) 800 ft and 910 ft 



(7.) 12 ft 5 in. and 8 ft. 

2 in. 
(8.) 14 ft 3 in. and 

1 1 ft 9 in. 
(9.) 25 yds. 2 ft and 

4 ft. 6 in. 



2. Find the area of a square in which the side is 



(i.) no inches. 
(2.) 345 feet 
(3.) 561 yards. 



(4.) 871 links. 
(5.) 125 links. 
(6.) 1*45 chain. 



3. Find the area of a rectangle in which the diagonal 
and side are 



(i.) 120 and 75. 
(2.) 351 and 108. 
(3.) 460 and 230. 



(4.) 1760 and 1008. 
(5.) 72 and 48. 
(6.) 500 and 100. 



4. Find the area of a square in which the diagonal is 



(i.) no yards. 
(2.) 275 yards. 
(3-) 73-6 yards. 



(4.) in2 yards. 
(5.) 1760 yards. 
(6.) 30J yards. 



5. The area of a rectangle is 540 square feet, and one 
of its sides is 1 2 feet ; find the other side. 

6. A square contains 112 square yards; find the 
length of its side. 

7. The area of a square is 1260; find its diagonal. 

8. Find the area in square yards, feet, and inches of 
rectangles whose sides are 

(i.) 15 feet 9 inches by 12 feet 4 inches. 
(2.) 108 feet 5 inches by 17 feet 9 inches. 



EXERCISES ON MENSURA TÏON. Atl 

(3.) 29 feet 8 inches by 20 feet 4 inches, 

(4.) 20 feet 6 inches by 20 feet 6 inches. 

(5.) 10 yards 2 feet 5 in. by 6 yards i foot 8 in. 

(6.) 15 yards i foot 10 inches by 9 yards 9 inches. 

9. The diagonal of a square is 9 feet 9 inches ; find 
its area in square yards, feet, and inches. 

10. Find the number of square feet in a board whose 
length is 15 feet 6 inches, and breadth 10 inches. 

1 1. Find the number of square yards in a floor which 
îs 20 feet 8 inches by 15 feet 6 inches. 

12. Find the number of square yards in a square 
whose side measures i pôle. 

13. A black-board measures 5 feet 4 inches by 4 feet 
6 inches ; find its area in square yards, feet, and inches. 

14. Find the number of acres in a square mile. 

15. Find what length of carpet J yard wide will cover 
a floor which measures 

(i.) 20 feet by 15 feet 

(2.) 25 feet by 20 feet 

(3.) 36 feet 9 inches by 24 feet 6 inches. 

(4.) 24 feet 10 inches by 16 feet 6 inches. 

16. Find the cost in each of the above cases when 
the carpet is ss. 6d. per yard. 

17. Find the breadth of a carpet of which 18 yards 
are required to cover a floor 15 feet by 12 feet 

18. Find what length must be eut from a lo-inch 
plank, that the area of the portion eut oflf may be 5 
square feet 

19. A postage-stamp measures \ inch by \ inch; 
how many will it take to cover a wall 16 feet by 14 feet 
6 inches ? 

20. How many slates will it take to cover a roof 22 
feet 6 inches by 14 feet 8 inches? Each slate measures 
I foot by 9 inches. 
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21. Fînd the cost of parmg a streeC fdis of a mile 
long by 25 yards broad, at 4^ per square yaxd. 

22. The smn of the diagonal and side of a square îs 
S ; ând its area. 

23. The différence between the dmgonal and side of 
a square is D ; find the area» 

24. The diagonal of a rectangle is D, and the différ- 
ence between two adjacent sides is d\ find the area of 
the rectangle* 

25. Find the area of a parallelogranï, havîng gîven 

(i.) Base eqùal to 100 yards; height, 10 yards. 

(2.) Base equal to 14 feet 3 inches; height^ 2 feet 
9 inches. 

^6. A field in the fomi of a parallelogram, whose 
base measures 120 yards, contains \\ acre; find the 
height. 

27. Two adjacent sides of a paraHelogram are 1200 
and 860 yards; the perpendicular on the former from 
the opposite side is 120; find the perpendicular on the 
latter from the opposite side. 

28. Find the area of a triangle of which the sides are 



(i.) 7, 8, 9. 
(2.) 12, 15, 18. 
(3.) 64, 64, 32. 

(4.) 475, 574, 745- 
(5.) looOy iiOQy.1200. 

(6.) 1760, 2350, 3000. 



(7-) 4-5, ^•», 7-8. 
(8.) IOV2, I2'5, 12-5. 

(9-) 15*45, «o-i, 25-5- 
(10.) 12, 12, 12. 

(11.) «012, •ai2, «oia. 

(12.) «9, i-o, i-i. 



29. Find the area in acres, roods, and pôles of a 
triangle in which the sides are 

(i.) 456 links, 512 links, 600 links. 

(2.) 1200 links, 1450 links, 1500 links. 

(3.) 12 chains 45 links, 15 chains 70 linkSj 16 chains 
25 links. 
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30. The perimeter of a triangle is 120 feet, and the 
sides are proportional to 5, % and 10 ; find tfae area. 

31. Find the radîi of the cirdes inscribed in the 
triangles whose !»des are 

(i.) 45, 50, 60. (3.) 450, 620, 840. 

(2.) iiOy 12O; 130. 

32. In the abave triangles, shew how to find the 
radii of the circles which touch the least sides extemally 
and the other two intemally. 

33. Compare the radii of the inscribed and circum- 
scribed circles when the sides of the triangle are 

(i-) 4, 5» 6. I (2.) 3, 3, 3. 

34. If S dénote the area of a triangle r, r^ r^ r^, the 
radii of the inscribed and escribed cirdes, prove 

35. Shew that in a right-angled triangle the diameter 
of the circumscribing circle is equal to the h)rpotenuse. 

36. Find the area of a trapezoid, of which the parallei 
sides are 25 and 15 inches, and the perpendicular dis- 
tance between them i foot. 

37. Find the area of a four-sided figure ABCD, of 
which AB=28 yards, BC = 4S yards, CD = 51 yards, 
DA = 52 yards, and the diagonal AC = 53 yards. 

38. The diagonals of a rhombus are 88 yards and 
1 10 yards ; find the area. 

39. Shew how to find the area of a regular hexagon 
inscribed in a circle whose radius is i foot. 

40. Shew how to find the area of a regular dodecagon 
inscribed in a circle whose radius is i foot 

41. Shew how to find the area of a regular pentagon 
inscribed in a circle whose radius is i foot 

42. A square and an equilateral triangle have the 
same area ; compsure their perimetêrs. 
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43. A square and an equîlateral triangle hâve the 
same perimeters ; compare theîr areas. 



1. (i.) 9x8. 
(2.) 96 X 48. 

(3-) 365 X 400. 

M 750x621 sq. ft. 

(5.) 876 X 9A0 sq. ft 

2. (i.) (iio)*=no X IIO 

sq. in. 

(2.) 345 ^ 345 sq. ft. 
(3.) 561 X 561 sq. yds. 
871x871^^ 

^^' I 00000 



(6.) 800 X 910 sq. ft. 

(7.) 149 X 98 sq. in. 

(8.) 171 X 141 sq. in. 

(9-) 77 ^ 4i sq. ft. 



(S.) 



125 X 125 
I 00000 



at. 



(6.) 



i»45 X 1.45 
10 



ac 



3. (i.) The remaining side AB 
of the rectangle 



=:V(I20)«-(75)S- 



.-. area = 75 J{i2of-{Ts)K 
(2.) Area= lo^JiJiif- (io8)«. 




(3.) Area = 230 J{^6of - (230)2 = (230)^ ^3. 



<4.) Area= 1008 ^(1760)2- (1008)*. 



(5.) Area = 48^/(72?^^(48)'. 



(6.) Area = 100 J\so6f — (loo)*. 

4. We hâve 2x^ ^d^; 

.•. jrs= — =:area. 
2 




EXERCISES ON MENSURATION 

(IH2)« 



^ ' 2 

(2.) Area = ^?^. 

^ ' 2 



(3.) Area = 



(73-6) 



2 



' (4.) Area = 



(S.) Area = ii^. 
(6.) Area = i30:^^ 



51 



5. Let X = other side ; 



•'. 12^ = 540 



•% ar = 



__54o 



12 



feet 



6. Let X = the side of the square ; 

.*. c(^=^^IQ^.= 112 square yards; 
.'. ar= ^112. 

7. Let jf = the diagonal ; 

x^ 
.*. — = area=i26o: 
2 ' 



.% .a: =s ^1260 X 2. 



„ , . 189 X 148 - 

^' <'•> 144x9 '^- y^^- 

(-)i^^sq.yds. 



. V 246 X 246 - 

(s.) ^^^P^ sq. yds. 
(6.) ^^ sq. yds. 



9. Area = — = 



^ {ivjY . (117)2 

^—; ^ sq. iD.== ^ \ ^^ — sq. yds. 

2 ^ 2 X 144 X 9 ^ ' 



2 



10. Area= 186 x 10 sq. in. = -;-;-;- sq. ft. 



144 



D 
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9 

i^ si « si «q- yds- 

.64 x544x6s - _- 

144x9 9 3 ^^ -^ 

14. Aiea= 1760 X 1760 sq. jds. 

_i76ox 1760 

~ 484 
= 640 



15. (i.) 2ox 15 x i44=:iuimber of square inches in 
the fkxir. 

Ereiy pièce of a caipet idiich is i jaid long will cover 
36 x 27 square inches. 

Thcrefore we must hâve a yaid for eveiy tîme thîs 
nmnber of square inches is contained in the size of the 
floor; 

.-. Nnmbcref,«ds=HÎ^Li5JLÎ44. 

^ 36 x 27 

(2.) Nmnber of yards = *^ */^ ^ ' . 
^ ' -' 36 X 27 

(3.) Nnmbcr of yards = ^^î-^^-??^. 
^' ' 36 X 27 

(4.) Nnmbcrof yards =^|g^ip. 

, , V 20X icx 144x66 ^ rro /. 

16. (r.) —2 — ^^ JQ=^ £• 

^ ' 36 X 27 X 12 x 20 "^ 9 » 

^ ' 36 X 27 X 12 X 20 ^ 

441x294x66 ^ 
^^'^ 36 X 27 X 12 X 20 
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, . 208 X 108 X 66 ^ 
(4-) -7^ JQ* 

36 X 27 X 12 X 20^* 

17. Let X = breadth of carpet în yards ; 

.'. size of carpet = i&r square yards, 

and size of room = -^ square yards ; 

., x8^ = Ii^, 
9 

x = — = i^yds. 3 fi 4 in. 
9 



1 8. Let X = length in inches ; 

.-. 10^ = area of plank in square inches ; 

lOJC 



144 

10^ 



= area în square feet ; 



144"^^ 
.'.:«:= 72 inches = 6 feet 

19. Surface covered by i postage stamp = y x J sq. in. 
Surface of wall= 192 x 174 square inches ; 

, •. No. of postage stamps = -^ — ^ = 9 ^ 74 ^ 3 ^ 

çx Y 21 

20. Surface of roof = 270 x 176 square inches. 
Surface covered by i slate= 12x9 square inches; 

.". Number of slates required = — ^. 

. 12 x 9 

21. Surface of street^ 1320 x 9j square yatrds; 

^ .. 1 ^ 1320 X 2< x 9 ^ 

••. total cost = -^^ 2 — z^^ 

2 X 12 X 20 *^ 
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22. Let X = side of square ; 
.-. S - ^ = diagonal ; 

.-. (8-^)2=2^2; 

• *• \^ ~~ X ^^ X 1^ 2 y 

.'. S = x(i+ ^2); 
S 

2 S2 S2(3 - 2 ^2) 

•••^ =^'^=ri^r7;-(jTT7-2)(3-2V2) 

= 82(3-2^2). 

23. Let X = side of square ; • 
.-. D + a: = diagonal ; 

.-. {D-\-xy = 2x^; 
.\ D +x = x J2; 
.-. D = ^(^2-i); 
D 



X =: 



.'. x^ = area = 



s/2-l' 

^' =D2(3-f2V2). 



3-2^2 



24. If ^ = one side, 
then x-\-d=otheT; 

.-. (:ï; + //)2 + a:2 = D2, 

or 2x^ + 2jf^= D2 - d^, 

2x{x + d)^B^-'d^; 

.\x{x + d) 




œ-\-d 



D2-^2 



But x{x-¥d) is equal to the area; 

D2-//2 (D + //)(D-/0 
.•. area = = - • 
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25. (i.) Area of parallelogram = 100 x 10 sq. yds. 
(2.) m n =171 X 33 sq. in. 

26. Let ^ = heîght in yards ; 

.'. area of field = 1 2o:c square yards ; 
.'. 120^= \\ X 4840; 

3 X 4840 



.". x = 



2 X 120 



27. Let ^= the perpendicular requîred, 
then 860:1; = area of whole figure. 

But 1200 X 120= Il M ; 

/. 86o:r= 1200 X 120; 

1200 X I20 



.'. jp = 



860 



28 



. (i.) Herej = ^^ ^=12; 



.'. area= ,^12 x 5 x 4 x 3. 

/ \ TT 12 + 15 + 18 

(2.) Hère s- = 22.5; 



.-. area= ^22-5 ^ 10.5 x 7.5 x 4.5 



= TèirV225x 105x75x45, 
(3.) Hère . = ^1±^1±3Î = go ; 



.'. area= ^80 x 16 x 16 x 48 
= 16 ^16 X 5 X 16 X 3 
= 16. 16^15. 

(4.) Hère ,^ 475^574^745 ^897; 



.-. area= ^^897 x 422 x 323 x 152. 



56 EXERCISES ON MENSURA TIONi 

, ^ -- I000 4- II00 4- I2CX> 

(5.) Hère s= =1650; 



.'. area= Jiô^o x 450 x 650 x 550, 

(6.) Hère x=nÉÎ±!Ç£±3222=35so; 
.'. area= tjssso x 1790 x 1200 x 550. 

/ \ TT 4.5 + 6.2 + 7.8 

(7.) Hère s = ^ i— =9.25; 

.-. area= ^9-25 x 4.75 x 3.05 x 1-45 



= TJshnfj9^5 "^ 475 ^ 3^5 ^ i4S- 

/0\ TT 102+12.5 + 12.5 , 

(8.) Hère s =» ^ ^ = 1 7.6 ; 



.•. area= ^17*6 x 7.4 x 5.1 X5.1 

-S-i ,—7 

■"l^>/'76x74 



= .51^176^74- 

/ \ TT 15.45 + 20.1 + 25.5 

(9.) Hère s^-^^ — ^ ^- = 30-525» 

and area will b^ fotind as in the preceding examples. 

(10.) Applying the formula in page 39 for the area of 
the equilatend triangle, we hâve at once 

area=3L.^3 = 36^3. 
4 

(il.) The sîde of this equilateral triangle beîng^ 

•^[^nnr^ P^ ^^ ^^^ ^^^^ ^^ ^^ triangle in the last case, 
we hâve 

area = ^ ^^ = «009036 J^. 
loooooo ^^ ^"^ 
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(i2.) Take the sides of the triangle to be 9, 10, and 
1 1, we hâve for the area of this triangle 



^15.6.5.4 = 30^2; . 
...areaofgiventriangle = ^V^ = ^V-. 



100 ^ 10 



/ \ TT 456 + 512 + 600 o 

29. (i.) Herej = ^^ =784; 



.*. area= Jl^^ x 328 x 272 x 184 sq. links; 

,7784 X ^28 X 272 X 184 

.'. ar«a = ^' — = acres. 

I 00000 



- V -._ 1200 + 1450 + 1500 

(2.) Hère s = ^^ — -^ — « 2075 > 



., area= ^'"^SxSysxô»; x 575 ^^. 

lOOOOO 



, . „ 1245 + 1570+1625 

(3.) Herej = — ^2 i£ ^ s 2220; 



J2220 X 075 X 650 X 595 

.'. area = -^ 21.2 2 2Z£ acres. 

I 00000 

30. Dividing the number 120 into three numbers in 
the proportion of 5^ 7, and 9, we hâve for the sides of 
the triangle 

25, 45, and 50; 



.•. area of triangle = ^60 x 35 x 15 x 10 



- N/iS-4-5-7-i5'5-a 



„. , S area of tnangle 

31. Wehave r=-*a=T .. ,? . 

^ s \ 9sm of sides 
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(i.) Area of triangle = '^''"''^ "" ^a--; x 27.5 x 17.;; 

77-5 

(2.) „ „ - ^/^^o X 70 X 60 X 50 

180 • 

(3.) n „ =.s/955Ji50SM3SJiii5 

9SS 

32. We hâve (page 40) for the radius of the circle 
touchmg side a extemally and the other two sides 
intemally, 

S 



r- = 



.-.(i.) r - ^/77^5><3g'5xg7'5xï^7 

32-5 

(i\ ^ - V180 X 70 X 60 X 5 

U\ r - 0/955 >< 505 X 335 >< "S 
«.; ^a ^^^ , 

33. The radius of the inscribed circle 

__ ar ea 

~^(sum of sides)' 

The radius of the circumscribing circle 

_ product of sides _ 
4 area * 

2 area 
. radius of inscribed circle sum of sides 



• • «• 



radius of circumscribing circle "" product of the sîd es' 

4 area 
8(area)g 



sum of sides x product of sides 



.-. (I.) 
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Radius of inscribed circle 



Radius of circumscribing circle 



15 X 120 



, V Radius of inscribed circl e _ 8x81x3 _j 
^ '' Radius of circumscribing circle "16x9x27"^* 



34. We bave (page 40) 



S 
s 

_S S^ 

S _ S*_ 

.% S = Jrr^r^^ 

35. Diameterof circumscribing circle 

_ product of sîdes 
~ 2 area 

If a, b, c be the sides of the triangle, where fi = a^^V^ 

and area = — , we hâve diameter «= —j- = c= hypoténuse. 



iS 



36. Area = -^ x 12 



~ 20 X 12 = 240 sq. m. 



15 



37. We find the area of the two triangles into which 
the figure is divided.by AC, and take theu: sum. 



6o 
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38. Sînce the diagonals of a 
rhombus are perpendicalar to 
each other, we hâve area of 

ABD = — X AO, 



BDC = — xOC; 



.% area of whole figure {AO + OC} = — x AC 

= half the one diagonal multiplied by the other. 

If BD = iio, and AC = 88 ; 

.*. area = 44 x 1 1 o = 4840 square yards. 





39. The regular hexagon may 
be consîdered as being made up 
of six equilateral triangles, each 
of whose sides is equal to the 
radius. 

Area of one of thèse triangles 
.'. area of whole hexagon 

40. The side of the inscribed dodecagon (see Exercise 
10, page 27) is 

thcn it is évident that the whole figure is made up of 
iwelve isosceles triangles, each equal to AOB ; 

but area of AOB = ^^^ *^^ ^4-2+ ^3 



n/2- n/3 



J«+n/3 
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.'. area of whole figure » i a x ^ » 3 sq. feet 

41. We may evidently consider the figure as being 
made up of five isoscdes triangles^ having each of the 
equ al sides e qual to i, and the tliird side equal to 

\ ^/Io "" * ^/S i hence the area. 

42. Let A dénote the area of each figure ; 

.*. side of square a ^A, 

and side of triangle = Kf^ (P*gc 39) > 
/. perimeter of square » 4 ^A, 
Il triangle = -fj- ; 
.*. perimeter of square : perimeter of triangle 



: : 4 V A : — ; 



Xlz 



s î a n/3 : 3 



: : 2:3* 






% : 27 



I 



43. Let/ dénote the perimeter of each figure ; 

••• -2 a side of square» 

'^aa 11 triangle; 
fi triangle «|g ^3; 
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,\ area of square : area of triangle 

• • i6 • 36 -^^ 
: : 36 : 16 ^3 

9 î 4jS' 



Exercises (5).— (Mensuration; page 50.) 

1. The sides of a triangle are 9, 10, 11 ; find the area 
of the triangle eut off by a Une parallel to the longest 
side, and equal to one-third of it. 

2. The sides of a triangle are 15, 18, 21; find the 
sides of a similar triangle whose area is 100. 

3. The sides of a triangle are 25, 51, 74; find the 
sides of a similar triangle whose area is 2133^. 

4. The sides of a rectangle whose area is 2^ acres 3 
roods 22 pôles are in the proportion of 2 to 3; find 
the sides. 

5. The base and perpendicular of a right-angled 
triangle are 28 and 45 ; find the sides of a similar 
'triangle which contains only half the area. 

6. The sides of a triangle are 7, 12, 17 ; find the area 
of a similar triangle whose ^eatest side is 59 ; find also 
the area of a similar triangle whose leasi side is 59. 

7. The sides of a triangle are proportîonal to the 
numbers 13, 14, 15, and the area is 24,336 square feet; 
find the length of the sides. 

8. The circumference of a cîrcle is 10 yards ; find the 
diameter of another circle which is 3 times larger. 

9. Compare the areas of two circles whose radii are 
proportional to 3 and 5. 

10. The areas of two circles are 120 and 84; compare 
their radii. 
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11. A fîeld containing one half-acre is laid down on 
a plan to a scale of i înch to 20 feet ; find how much 
paper the plan will cover. 

12. The plan of a field containing 5 acres 3 roods 
20 pôles covers 25 square inches of paper ; what is the 
scale to which the plan has been drawn ? 

i3# Détermine the scale used in the construction of a 
plan, when i square inch represents 20 acres. 

14. Fînd the size of a property in acres, whose plan 
covers a square feet« the scale being x inch to 5 yards. 



I. The triangles ABC, ADE 
are similar; 

areaof ADE DE^ i 
•*• area of ABC ~ BC2 ~ 9 ' 

.*. area of ADE = - area of ABC 




= -^15x6x5x4 

= -^15 X 15x4x2 
15.2 , 10 , 

2. The area of the triangle whose sides are i5i 18, 21, 

îs 

Jiy X 12 X 9 X 6, or 54 J6. 

Then as the areas of similar triangles are to each 
other as the squares of their corresponding sides, we 
bave 

100 ^ x^'"'' - 5'4^6 ' 

• x= ^^^ - ^So _ 5Q 
754n/6 3^676 J6J6 
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Agaiiiy for the other sides» we hâve 



and 



lOO 

54 J6 

lOO 



21^ 



j; = 



70 



^6^- 



3. The area of a triangle whose sîdes are 25, 51, 74, 
is evidently 300; then we hâve for the sides of the 
similar triangle, 

30 
Sîmîlarly for the other sides. 



X =AB. 



^x =BC 



4. Let 
Then ^. 

Then area= |jc* «462 pôles; 




.•. BC = 2,^77 pôles. 

5. Let âP dénote the base o£ the similar triangle, 
then we hâve 

areaofABC (BC)g 2, 
axea of aàc (àcf i * 

.-. {BC)«=2(^)«; 



28 2 X 14 , 





2lf 
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Slmilarly (oc) = -1^(AC) = ^j - f J2. 

6. The area of the gîven triangle is evidently equal to 

Let A dénote the area of the similar triangle, we 
evidently hâve 

A 16^33 :: (59)' : (17)^; 



.••A = jf2);x6j33. 



SimUarly A = i^ x 6 ^33. 



(17) 
7 



7. The area of a triangle whose sides are 13, 14, 15, is 
evidently 84 ; 

.". we hâve for the required sides, 

24336 _ 13x156 _ I3j78 



2^21 J21* 



xe 1 ^4336 15 '7g 

8. Let C = the circumference ; 

.". C* : 100 : : 3:1; 
.". C*«3oo; 
.-. C = 10 ^3 ; 

,% d ^ — ^3 = ûtt diaineter. ' 

9. Let A and A' dénote the areas of tfae cîrdes, we 
hâve 

A : A' : : 9 : 25. 
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lo. Let r and r' dénote the radiî, then we hâve 

r^_i2o lo ^ 



II. Let a dénote the surface of the plan, then we 
hâve 

a : A :: i^ : (240)^; 

A 2420 . 

2420 X o X 144 . - 

= --^ -^ square inches 

240 X 240 ^ 

1089 . o . , 

= square m. = 54-^ square mches. 



12. As 28435 ^ 9 '^ i44 = area of field in inches, we 
therefore hâve 

area of the plan : area of the field : : 1^ : a^; 
or 25 : 28435 '^ 9 '^ 144 :: 1 :^; 

/. 25^ = 28435 xQx 144; 

25 



= ^x i68*6=: 12 14 nearly; 
.*. I : 1214. 
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13, I : 20 X 4840 X 9 X 144 : : I* : jp*; 



•*• x= J20 X 4840 X 9 X 144 



~ jy5x4x4xi2ix5x2X9x 144 
= 5 X4X II X 3 X 12 ^2 
= 7920^2 = 11198-88; 
.*. I : II 200 nearly. 

14. Let A dénote the area in feet ; 

.•. A :a :: 180^ : i«; 
•*• A= 180^ xa= 180 X 180 X a square feet 



180 X 180 xa 20 X 180 



9 X 4840 

90 
= -2— tf acres. 
121 



4840 



-a acres 



«7 



EzAreisM (6).— (Mensaxaifon, page 5(U 

I* Find the area of the drde whose radius is 

(i.) 40 feet 
îo-5 fee 
50 yards. 



^2.^ 20-5 feet 
(3) iJ 



f4.^ 1760 yards. 
5.) I inch. 
(6.) 5 feet 9 inches. 



2. Find the area of the circle whose circumference b 



'i.^ 500 feet 
2.) 200 yards. 
(3.) One-half mile. 



(4.^ 10 feet 

(5.) 3-14159 feet 
(6.) 60 yards. 



3. Find the radius of the circle whose area is 

(4.) One half-acre. 

i5.) 2 ac. 3 ra 10 po. 
6.) 1760 square yards. 



(i.) 50 square feet 
(2.^ I square mile. 
►) 2. 
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4. Find tfae aita of & drde idiose diameter is 14 
links. 

5. Find tbe diameter of a dide wfaose area is 45 
square yards 3 square feet 

6. Find tbe length of the radias when the area is 
I acre. 

7. Find the radius of a dide di wfaich the area is 
the same as that of an equilateial triangle whose side is 
S feet 

8. The radius of a drde is 10 feet, and a square is 
inscribed within it \ find the différence between the area 
of the drde and that of the square. 

9. A cirde is inscribed within a triangle whose sîdes 
are 25, 30, 35 ; find the différence between the area of 
the triangle and that of the drde. 

10. The area of a square being equal to that of a 
cirde; compare their perimeters. 

11. The sides of a triangle are 30, 40, 50; find the 
area of a drde which has the same peiimeter. 

• 12. The radius of a. drde is 10 feet; find the radius 
of a drde which is ten times as large. 

13. Find the total pressure on a dicular plate of 12 
feet in radius, the pressure on each square inch being 
15 Ibs. 

14. Find the area of a sector of a drde whose radius 
is 21 feet, the length of the arc being 15 feet 

15. In a drde whose radius is 12 feet, what must be 
the length of the arc, so that the area of the sector will 
be 100 square feet ? 

16. Find the area of the portion between the two con* 
centric cirdes whose ladii are 12 and 10 feet 

17. A drde of lo-inch radius is to be divided into 
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three equal parts by concentric cîrcles ; find the length 
of their radii. ' 

18. The radius of the înner boundary of a ring is 14 
inches, the area of the ring is 100 square inches; find 
the radius of the outer boundaiy. 

19. A circular grass plot contains 1760 square yards, 
it is surrounded by a gravel walk 10 feet broad; find the 
area of the walk. 

20. What is the radius of that drde in which a sector 
of 75° contains 120 square feet? 

21. The diameter of a circle îs 30 inches; find the 
area of a segment eut off by a chord of 24 inches. 

22. The radius of a circle is 6 feet; find the area 
of the sector, and the length of the arc which con- 
tains 115°. 

23. Find the radius of a circle whose area is (i) equal 
to the sum of the areas of two circles of 12 and 15 
inches ; (2) equal to the difierence of the areas of two 
circles of 12 and 15 inches. 



1. Let A = area, r=radius; 
then A = vt^. 

(i.) 7r4o^=3.i4i59 X 1600 sq. feet 

(2.) 7r(2o.5)2 = 3.i4iS9x(2o.s)(2o.5) sq. feet 

(3.) «•(i5o)2 = 3.i4i59x isox 150 sq. yards. 

(4,) «-(1760)2 = 3.14159 X 1760 X 1760 sq. yards. 

(5.) îTx 12 = 3.14159 sq. inches. 

(6.) ^(69)2 = 3.14159 sq. inches. 

2. Let C = the circumference, 

then A = — . 

4ir 
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il.) Area = . coo x «500. 

(2.) Area = — . 200 x 200. 
47r 

(3.) Area = ~: • 880 x 880 square yards. 

(4.) Area = — .10x10. 
4ir 

(5.) Area = ~;x (3.14159)2. ^ 

= t(3- 14159). 

(6.) Area = — .60x60. " * ' '" ' 
47 

3- A = irr2; 

rA 



Si v 

(X.) r= fun. 



Nf 3-I4IS9 ' 

(4.) . j: 
,6., . i 



3-14159 

240 
3-14159 

2420 
3-14159 



3-14159 

1760 
3-I4I59 
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Area = -//2 



= -.14. 14. 

4 



^_ 4area . 



, farea 

= 2 /^^ — yard& 



6. ir/^ = 4840 ; 



.•.r= /i?42. 



7. Area of equilateral triangle whose side îs five feet is 

Let r=the radius of the circle equal to this in area; 

4 



• ^ - s /3 

2As/ir 



8. Area of cîrcle = tt • lo^ = looir. 
Area of square = 200 ; 

.*. difF. = loofjT— 2} = 100 X 1*14159. 
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9. We hâve for the area of the triangle 150 ^6 ; 

.'. radius of inscribed cîrcle = -^ — — = — */6 ; 

. •. area of mscnbed circle = y^^dikip^i v : 

9 ' 

••. difE = 150 ^6 TT 



10. Let A= the common area ; 

•*• radius of circle = / — ; 

.'. circumference =s2 i^Air. 
Side of square = ^A ; 

/. perimeter = 4 ^A ; 

perimeter of circle _ 2 ^Kir _ Jir 
perimeter of square " 4 ^A ~ 2 

I r. The perimeter of triangle = 120. 

Then area of a circle whose circumference = 120 is 

"" 4ir 4T ' 

12. Smce the areas are to each other as the squares 
of the radii| we hâve 

I : 10 :: lo^ : ofi; 

.'. a:2=io*x 10; 
.•. * = 10 ^10. 
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1 3. Surface of plate = vr^ ' 

= 7r X 12 X ï2 X 144 inches ; 
••. pressure on plate = ir x 12 x 12 x 144 x 15 Ibs. 

irx 12 X 12 X 144 X 15 



73 



2240 




14. Area of sector = ^ arc x radius 




= Jx 15x21. 




15. Let jc=length of arc; 




.*. area = ^a;.r 




= ^. I2SAI00; 





tonSk 



200 50 >,• /. ^ 

,*. x= = ^ = i6|feet 

12 X ^ 



16. Area between the cîrclcs = difiference/ of areas of 
circles 

=:7rX 12* — TT X 10* 

= 447r. 



17. As the circles are ail 
sîmilar, we hâve 

area of inmost circle O A* __ ^ 



area of given circle OC* " ^ 



.-. OA = OC 



n/3' 




.-. OA = OC-V = IO-4-. 

Area of intermediate cirde _ OB^ 
Area of given circle "" OC^ 

. .-. OB = OCVI 
= 10 V|. 



s . 
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i8. Let X = radius of outer bouQ|daiy; 
.'. ariea of outer circle. 

= area of inner + area of ring 
= 7r(i4)2 + loo; 
. •. 'iro^ = ir(i 4)2 + 100 ; 

Il 



••• X =^1(14) 



* + i52. 




1 9. Let A = area of grass plot ; 

.•. r=-^^ = radius of plot; 
.*. radius of whole circle 



area of whole circle 



+*, 



= A + TT^ + 2^ i^Att ; 
.-. area of gravel walk = ir^ + 2^ JAjir 



= ir. 100 + 20 Ji^ôo X 9 X *Tj?. 

20. Area of sector = ^ arc x radius . 

= i x~^ circum. x radius 

= 4 X -^ X 211T* ; 
» 72 ' 

.*. i X -^ X 2irf^ = 120 : 
^ 72 
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-5_a-^= 120: 
24 ' 



• • ' —" 



120 X 24 



. /I20X24 _ 24 

21. Hère we hâve approxîmately, 

area= {24 + 1(6 ^S)}|x 6 

= f{6 + 2Vs} 

22. Let A dénote the area of the sector; 

.•. A = -T^ of the whole circle 
360 

72 ^ 

= ^ square feet 

Let / dénote the length of arc ; 

.% /= iiS of the whole circumference 
360 

= — 7=ix 2ir. 6 
360 

= -^ X r2a- 
72 

= ^féet 
o 
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23. Area of circle whose radius is 12 in. =7r x 144, 
Il II M 15 II =7r X 225 ; 

••. sum of areas = S^çir, 

différence of areas = 8 itt ; 

.'. (i.) Let Tj = radius of circle whose area=: jô^ir; 

.'. irri2 = 369^; 
.-. ri« = 369i .-. ri= ^369, 
or rj = 3 ^41. 

(2.) Let rg = radius of circle whose area = 8iir ; 

.•. 7rr2^ = 8i7r; 

.-.r, =9. 



£zerd860 (7).— (Mensniation» page 72). 

I. Find the total surface of a parallelopipedon which 
measures 

'i.^ 10 inches, 15 inches, 18 inches. 

2.) 2 feet 3 inches, 5 feet 4 inches, 6 feet 10 inches. 
(3.) 6 feet I inch, 2 feet 10 inches, i foot 8 inches. 
(4.) 9 feet 5 inches, 3 feet 5 inches, 2 feet 4 inches. 
(5.) 6 feet 3 iiiches, 5 feet 4 inches, 4 feet 9 inches. 
(6.) 10 feet I inch, r foot 9 inches, 4 feet 3 inches. 



!: 



2. flnd the surface of a cube whose edge is 

^i.) 15 inches. (4.^ 6 feet 3 inches. 

(2.) 3 feet 4 inches, (5.) 5 feet i inch. 



;:! 



(3.) 5 feet 10 inches. 



(6.) 10 feet 3 inches. 



3. Find the surface of a. cube whose diagonal is 
5 feet 

4. Find the edge of a cube iviiich has a total surface 
of 216 square inches. 
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5. Find the total surface of a triangnlar prism, the 
sides of whose base and height are 

(i.) 3 încheSy 4 inches, 5 inches, and 4 fe^ 

(2.) 2 inches, 3 inches, 3 inches, and i foot 

(3.) S feet, 5 feet, 5 feet, and \ foot. 

(4.) 2 feet 3 inches, i foot 5 inches, i foot 5 inches, 
and \\ foot 

(5.) 2 feet 6 inches, 3 feet, 3 feet 6 inches, and 
15 inches. 

(6.) I foot 9 inches, i foot 9 inches, i foot 9 inches, 
and I foot 9 inches. 

6. What must be the height of a triangular prism, 
each edge of the base being 2\ inches, so that the total 
surface is z square foot ? 

7. A triangular prism of 10 inches in height stands on 
an equilateral base ; what must be the edge of the base 
when the total surface is 3 square feet ? 

8. Find the latéral stirface of a hexagonal prism, each 
edge of the base being 2 feet 3 inches, and height 5 feet 

9. Find the total surface of a cylinder whose radius 
and height are 

(i.) 2 inches, and i foot 4 inches. 

(2.) 2 feet 3 inches, and 2 feet 3 inches. 

(3.) I foot 6 inches, and 9 inches. 

[4.) 9 inches, and i foot $ inches. 

[5.) I foot 3 inches, and 3 feet 9 inches. 

[6.) 10 feet 6 inches, and 2 feet 4 inches. 

10. Find the height of a cylinder whose latéral surface 
is equal to the surface of the two ends. 

11. Find the height in inches of a cyUnder standing 
on a base 2\ inches in radius, and whose total surface is 
I square foot 

12. A cylinder 8 inches in height has a total surface 
of i^ square foot ; find the radius of the base. 

13. The latéral surface of a cylinder is 3^ square feet, 
and the height is 6 inches; find the surface of the ends. 
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14. The total surface of a cylinder is 20 square fect, 
and the height is equal to the diameter of.the base; find. 
the area of. the base. 

15. A qrlinder whose height is equal to the radius of 
the base has a total surface equal to that of a cube 
whose edge measures 9 inches ; find the height of the 
cylinder. 

16. Find the surface of a 4-inch drain-pipe one yard 
in length. 

17. The total surface of a cylinder is 10 square feet, 
and the height is half the radius; ûnd the height and 
the area of the two ends. 

18. Find the total pressure on a cylindrical vessel 
measuring 5 feet in diameter and 15 feet in length, there 
being 100 Ibs. to the square inch. 

19. Find the total surface of a square pyramid, the 
edge of whose base measures 3 inches, and the perpen- 
dicular height of the vertex is 5 inches. 

20. Find the total surface of a square pyramid, the 
edge of whose base measures 3 inches, and the slant 
edge 5 inches. 

21. Find the total surface of a square pyramid whose 
edge measures 3 feet 6 inches, and slant height 5 feet 
4 inches. 

22. Find the latéral surface of a cylinder whose 
diameter is 8 feet 3 inches, and length 6 feet 8 inches. 

23. Find the total surface of the frustum of a pyramid 
whose ends are squares measuring 5 and 3 inches in the 
side, and the slant height is 12 inches. 

24. Find the latéral surface of a cône whose diameter 
is 13 feet 6 inches, and slant side 18 feet 8 inches. 

25. Find the latéral surface of a cône whose diameter 
is 1 7 feet 2 inches, and altitude 2 1 feet 

26. Fmd the latéral surface of a cône whose altitude 
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\s\\ yard and diameter \ yard, and the cost of gilding 
Ihe same at \à, per square inch, including the base. 

27. The sides of a triangle are 3, 4, 5 ii^ches ; if it 
revohe round the hypothenuse, find the whole surface 
generated by the other two sides. 

28. Find the surfaces generated, if the same triangle 
revolves round each of the other sides. 

29. If a, b, c be the sides of a right-angled triangle, 
compare the area generated by the révolution of the 
triangle round the hypoténuse, and the sum of the 
areas generated by revolving round the sîdes. 

30. Find the latéral surface of the frustum of a cône 
whose top and bottom diameters are 5 feet 4 inches 
and 8 feet 3 inches, the slant height being 10 feet 4 
inches. 

31. Find the latéral surface of the frustum of a cône 
whose top and bottom diameters arie 15 feet 4 inches 
and 26 feet 8 inches, and the depth 23 feet 9 inches. 

32. Find the latéral surface of a bucket whose top 
diameter measures 2 feet 4 inches, and the bottom dia- 
meter I foot 6 inches, the depth being .1 foot 9 inches. 

33. Compare the latéral surfaces of a cône and 
cylinder standing upon the same base and having the 
same vertical height 

34. The latéral surface of a right cône îs 650 square 
înches, and the slant height is 25 inches; find the 
diameter of the base. 

35. The latéral surface of a right cône îs 10 square 
feet, and the radius of the base is i foot 4 inches ; find 
the slant height 

36. The latéral surface of a right circular cône îs 750 
square inches, and the circumference of base is 50 
inches ; find the vertical height of the cône. 

37. How many yards of canvas fths of a yard wide 
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ivîll be required for a conical tent 20 feet in diaxneter, 
and 15 feet high ? 

38. Divide a right cône into two parts by a plane 
paiallel to the base, so that the latéral surfaces of the 
parts are equal. 

39. Find the surface of a sphère of which tixe radius is 



(i.) 9 inches. 

(2.) I foot 3 inches. 

(3.) 3 feet 4 inches. 



(4.) 2«6 feet 
(5.) ^yard. 
(6.) 3 J feet 



t 



40. What is the radius of a sphère of which the 
surface is 

(i.) 120 square feet? 
I square yard ? 
6 square feet, 72 square inches ? 

41. Find the radius of a sphère which has the same 
surface as that of a cône 3 inches in radius^ and 3 inches 
high. 

42. Compare the surface of a sphère an inch in dia- 
meter with that of a cylinder an inch in diameter and an 
inch high. 

43. Find the surface of a segment of a sphère 6 inches 
in diameter, the height of the segment being 2 inches. 

44. In a sphère whose radius is given, find the height 
of the segment which has \à of the surface of the sphère. 

45. If we divide a semi-circumference into three equal 
parts, and make it revolve round its diameter, the sur- 
face of the zone, generated by the middle arc, is equal 
to the sum pf the areas of the other two zones. 

46. From what height above the surface of the earth 
will the ^d part of its surface be seen ? 

47. From what height above the surface of the earth 
will the -th part of the surface be seen ? 

48. What part of the whole surface will be seen from 
a height of 5 miles ? 
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49. Fînd the convex surface of a slice 2 feet high eut 
from a globe 17 feet in radius. 

50. Shew that the convex surface of a segment of a 
sphère exceeds the area of the base by the area of a 
cirde whose radius is the height of the segment 

51. What is the height of*a segment of a sphère 
whose convex surface is 100 square inches, the radius of 
the sphère being 3 feet ? 

52. If the pressure of thè atmosphère at the earth's 
surface be 15 Ibs. to the square inch, how much weight 
of atmosphère does the earth support ? 

53. Find the radius of a sphère whose surface is 
equal to the sum of t'he surfaces of the two sphères 
whose radii are r and r\ 

54. Find the surface of a ring of circular cross section 
whose outer and inner diameters measure 12 and 10 
inches. 

55. The outer diameter of a ring of circular cross 
section = d^ the thickness of the ring = / ; find the 
surface. 

56. Find the total surface of a fiât ring whose outer 
and inner circumferences are C and c^ and the height //. 

57. Find the total surface of a flat ring whose outer 
diameter is 10 inches, and inner diameter 8 inches, and 
height 2 inches. 

58. On the radius of a cîrcle OA produced, take a 
point B, and through this point draw a tangent, BT, ta 
the circle. Shew how to find for what position of B, 
the surface described by BT, and the arc AT, when 
they revolve round OA as axis, may hâve to each other a 
given ratio. 



I. (i.) 2(10 X 15 + 10 X 18 + 15 X 18) = 1200 sq. in. 

'44 
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(3.) '(73x34-^73x»o.^34x.o) ^^^ 

(4.) '("3 X 41 ^ 1x3 X. 8 ^41 ^28) ^^^^ 

144 
(5.) ^(75X644.75X57^64X57) ^^^^^^ 



144 



.,.2(121X21 + 121X51+21X51) - ^ 

(6.) -^^ —--^2 2-/ sq. feet 

144 



2. (i.) 6 X 152. 
(2.) 6 X 4o2. 
(3.) 6 X 7o3. 



(4.) 6 X 75. 
(5.) 6 X 61. 
(6.) 6 X 123. 



3. If ^ = edge of cube, 

and d=^ diagonal, 

we hâve </2 _ ^^ . 

.'. 2/3^ = 6:x:2 -_ surface. 
If ^=S; 

.'. 2.25 = surface = 50 square feet 

4. If ^ = edge of cube, 

theti 6a:2 = surface = 2 16; 

.'. ^ = 6. 

5. (i.) 3x48 + 4x48 + 5x48 + area of ends, 

4^(3 + 4 + 5) + 12 = 4^ square feet 

(2.) 2XI2+3XI2+3XI2+4^2=^V(24+ n/2) 

square feet 
(3.) 60 X 6 + 60 X 6 + 60 X 6 +^ ^3 

2 
= 1080 + ^^3 
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= 2160 + 25 ^3 

^ 5(432 + 5 n/3 ) 
.144 

= 3 + r~V3. 
144 

(4.) 27x18 + 17x18 + 17x18 + 267-8. 
(5-) 30 ^ 15 + 42 X 15 + 42 X 15 + 270 ^19. 

21^ 

(6.) 21x21 + 21x21 + 3x21+ ^3. 

2 

6. Let h =s the height, 
then i5- + ^V3 = i44; 

•••^=^44-f V3; 

.M5>^=288-^^3; 

4 

••'^ IS 60^^ 



= ^{"52-25^3}. 



7. Let «=edge of base in înches. 
Then 30a: = latéral surface in inches. 

Areas of ends = — ^3 ; 

x^ 



••• — n/3 + 3o* = 432, 
or 0^ Ji + 60^- = 864 ; 



.-. a:= - ^Q± n/36oo + 3456 ^3 

2^3 

F 
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2>/3 
__ 60 + 6,^100 + 96^3 

^ 60 + 12^25 + 24^3 

2^3 



= 2^/3(-5± 725 + 24^3). 
It is évident that the lower sign is inaximissible. 

8. 27 X 60 X 6 square indies. 

9. Total surface of cyiinder= latéral surface + surface 
of ends, 

or T = 27rr{h + r) ... (see page 60). 

(i.) T = 27r . 2(16 + 2) = 727r sq. in. = - sq. ft 

2 

8i7r 
(2.) T = 27r . 27(54) = 54 . 54ir sq. in. = — - sq. ft 

(3.) T = 27r . 18(27) = 36 • 277r sq. in. = -^— sq. ft 

(4.) T = 27r . 9(27) = 18 • 277r sq. in. = -^ sq. ft 

(5.) T = 27r . 15(45 + 15) = iîo • 6oir sq. in. » -^- sq. ft 

(6.) T = 27r . 126(28 + 126) = 252 - rS4'r sq. in. = ^^^ 
sq. ft. 

10. Let ^ssheight'Of-cylmder, 

r= radius of base. 
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Then zirrh - latéral surface, 

and 27rr2 = surface of'the ends ; 

.-. A^r, 

1 1. Let Â = height of cylinder in inches, 

5r^ + -^ = total suifacfc in inches : 

^ 2 ' 

.-. 57r>^ + -^ = i44, 

lOTch + 25»-= 288 ; 

. ,_288-2S^_i44 

icwr« 577 ^ 

12. Lct r= radius of base ; 

. •. 2'nr{h + r) = total surface ; 

.'. 27rr(8 + r) = 2i6, 

2irr^+ i6irr= 216, 
or Trr^ + 87rr = 108 ; 



. -87r+ ^64772 + 4327r 

2ir . 



_ — 87r + 4 J^TT^ -f 277r 
23r- 



= — 4 ±- a/4^ + 2.77r. 



13. Let r = radius of base ; 

.'. 27rr . 6 == latéral surface = 480 ; 

. ^-.48o_4Q. 

I27r TT ' 
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n 

.'. surface of ends = 2'ïï{ — \ 

2 X 1600 3200 
= = sq. m. 

J4. Let r = radius of base ; 
.'. ^ = 2r = height; 

.'. total surface = 27rr(^r) 

.•. 677^2 = 20 X 144; 

„ 20 X 144 -, 

.•. vf^ = ^-^ = area of base 

o 

= 480 square inches. 

15. The surface of a cube whoseedge is 9 inches is 

6x9x9 square inches. 

Let r = radius = height ; 

.% total surface = 27rr(2r) 

= 47rr^; 

.", 47ïr^ = 6x9x9; 

. ^ 6x9x9 , 
4"- 



2^s/î^ \ 



16. 4ir X 36 = i44îr square inches 

= TT square feet 

17. Let r= radius; 

^\ - = height, 
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total surface = 27rW r + - j 



= 37rr2 
^nr^= 10 ; 
Jio 

■.•.^ = ^^ = height, 

and Trr® = — : 

3 

. •. 27rr^ = — square feet = area of ends. 

18. Total surface of cylinder in square inches 

= 277 • 30(30 + 180) 
= 2 • 30 • 210 • TT ; 
.% total pressure = 2 . 30 • 210 • 100 • ir Ibs. 

2 • 30» 210 • 100 -ir 



2240 



tons 



_ II25 



TT tons. 
2 



19. Total surface = surface of base + surface of ends. 
Surface of base = 3^ = 9- 



Latéral surface of one face = f <y2S - 1 



=u 



100 — 9 



4 

.'. total latéral surface = 3 J91; 
. •. total surface = 9 + 3 n/qi 

= 3(3+ n/9i) sq. in. 
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20. Surface of base = 32 = 9. 



Area of one face = f J^ — (f )2. 



Total latéral surface = (i j2^—^ = i J^i] 

.'. total surface of pyramid = 9 + 3 ^/9I 
= 3(3+ J^i) square inches. 

2 1. Surface of base = 42^ inches. 

Surface of one face = — x 64 : 

2 

.*. surface of four faces = 84 x 64 ; 

.'. total surface = 42^ + 2 x 42 x 64 

= 42 {42 + 128} 
= 42 { 170} square înches 
= 7140 square inches. 



QQTT X 80 - ^ 

22. ^^ ' — square feet. 

144 ^ 



23. Hère we hâve (see page 64) 

Latéral surface = x 12 = 192. 

2 ^ 

Surface of ends = 52 + 32 = 34 . 

.'. total surface = 192 + 34 = 2 2 6, square inches. 

24. Latéral surface of cône = irrh ; 

.% latéral surface = tt . 81 . 224 square inches. 
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25. Latéral surface = ir . 103 J2$2^ + 1032 

= io3x272'2xir square inches. 

26. (i.) Latéral surface = TT . |\^2 + 9 gq^j2y.g ygj^ 

= '•^^153 

- 9^ ^ 9 ^ .. ^44 j^j gq^ inches. 

(2.) The process for * obtainiztg this resuit is 
évident. 

.ay. The perpendicular from the i^ht angle on the 
hypoténuse = — ; 

12 
.'. total surface generated = — (3 + 4)ir 

84ir . - 

"T- "^""^ "**"• 

28. (i.) Round side whose ]ength = 4. 

Surface = 3^ x 5 = 151 square inches. 

(2.) Round side whose length = 3. 

Surface = 47r x 5 = 2oir square inches. 
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29. Surface generated by 
AC round AB • 

= ADx 27r.^CB 

= ADx7rxCB y 

= ir.AD.CB / 

b'^ ^' D e 

= TT • — • a, 
c 

Similarly, surface generated by BC 

c ' 

nh 

*'. total surface = ir — (df + h). 
Surface generated by revolving round BC 

Surface generated by revolving round AC 

,\ total surface round BC and AC 
= vc(a + b); 
.'. one surface : sum of other two surfaces : : ^ : ai. 

30. Latéral surface = 124(77 . 22 + a-, _4 

2 2 

= 627r(99 + 64) 

62 + i6^x7r 

= —f square feet 

144 

31. The slant height is first found, and is equal to 

V(28s)^ + (68p. 

Then latéral surface = ^(i6o + 92) ^(285)^ + (68)2. 
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32. Slantheight= ^(21)2 + (5)2; 



.'. latéral surface = (tt x 28 + tt x 18) ^(21)^ + 5*^. 

33. Let r= radius of the common base, and h= the 
height ; 

.*. latéral surface of cône = Trr JK^ + r*. 

Il II cylinder=27ir^. 

surface of cylinder _ 2Trrh __ 2Â 
surface of cône ~ Trr jW+r^ " Jh^ + r^' 

34. Let r= radius of base. 

Then latéral surface = Trr x 25 ; 

.*. Trr X 25 = 650; 

650 

.'. r = — -. 

2 Sir 

35. Let h = slant height 

Then ir x 16 x ^ = 1440 ; 

• » et' — ^ • 

lOTT 

3$. Let ^ = slant height 
Then ^>i = 75o; 

.'. A==±^ = 30; 

50 

.•. vertical height = \|30* - ^—V 

37. The latéral surface of the tent 

= lOTT JiisY + (10)^ square feet 
= 50 X i447r ^13 square inches. 
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One yard of canvas wâl cotot 

36 X 27 square inches ; 

50 X i44r 713 



.*. nmnber of yards 



36x27 



38. Let A = slant heightofgÎTencoae» 
and rondins of base. 

Let j:=:slantlieigfatofQppcr portion; 
•'- r-T=^ radius of base of upper portion ; 

« 

.'. 7-r-^-<ap=lateral soiÊice of upper pardon. 
But this must be equal to one-Âa/fÛie whole cône ; 





.-. 2*»=^; 




A 


39- 


1 


(!•) 


S = 4îr.8i=3243r. 


{') 


S = 4îr . 225 — çoosr. 


(3.) 


S = 4ir • 40^ = 6400ir. 


(4.) 


8 = 4^^(2-6)2. 


(S) 


S = 4>- •} yards == ir square yards. 



(6.) S = 47r . ^ feet = 49^ square feet 

4 



4°- , '•=Aj| = l>i|- 
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(X.) -è>|^. 

(2.) ^=^^feet 

(3-) r=-K|-^ inches. 

41. Total surface of cône 

= 9^ + 377(9 + 9}* 

=3 ÇTT + 9îr J2 

= 97r{i+^2}. 

Let X = radius of sphère of same surface ; 

V 

.". 47r;c2 = 9Tr{i+ ^2}, 
^ = f{i+ n/2}; 



.-. ^ = f Vl+ n/2- 

42. Surface of sphère = 477 . {^Y = ir square înches. 
Latéral surface of cylinder =ir; 

.'. surface of sphère = latéral surfece of cylinder. 

43. Surface of segment (page 70) 

= 7r. 12 = i27r square inches. 

44. Let h = height of segment 
Then surface = ir . (2R)>i = ^ • 47r • R^ ; 

.-. 2irR^ = 47rR2; 



94 



EXERCISES ON MENSURATION, 




45. Surface of zone by AC 
= AP X cir. of sphère 
= f R X cir. 
Surface of zone by DB 
= ^R X cir. ; 
.'. surface by both arcs 
= R X cir. 
But surface by CD = PQ x cir. = R x dr. 



46. In Exercise 44, it is shewn that the height of that 
segment which is one-third of the 
whole surface is |r, 

or MQ = |r. 

It is now required to find OA. 
Let AM = X j 



or 



.*. a; + r : r : : r : OQ, 
x->fr\r : : r \\r^ 

.*. x = 2r. 

Or the heïght must be equal to 
the diameter. 



47. For the height MQ of the segment, which is -th 
part of the whole sphère, let it be denoted by ^; 




n 



.'. 7r(2r)à = - . 47r • r^ ; 
/. //=— 3 = — = MQ; 

fl • TT » 2T fl 



or 
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•••Qo— ¥-<-^ 

But AO : OT : : OT : OQ, 

x-\-r \r :: r : r(i — Y 



or x + r : r :: n : n-'2; 

•'. x{fi — 2) + r« — 2r = «r; 
2r diameter 



• • X — 



n—2 «—2 



48. Let ît be required to find what part will be seen 
from a height h. Hère AM = ^ ; it is required to find 
MQ. 

Let MQ = a:, 

/. {2r"x)x-{2r-¥/i)k''{h-¥xff 
or 2rx — a:^ = 2rh ■{•h^ — h^" 2hx — x^ ; 

•'. ^(2r+2^) = 2r^; 

rh 

• • X — • • 
r + >ï 

Then surface of segment, which has this for height, 

rk 
= 2îrr 



But surface of whole sphère 



= 21er • 2r ; 



.% the part seen will be 

rh 
r + ^ (th of the whole surface, 



27rr- 2r . 



k 



or *\""Tlï/'^ "^ '^^ whole. 
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tlien 



2(^+5) 



th of the whole. 



49. Surface = 2ir • 17 . 2= 68ir 

square feet 

50. Let h = height of segment, 

r - radius of sphère. 

Convex surface = 2irr • h. 

Area of base = ir{2r — h)h = 2irrh — irh^ 

- convex surface — area of circle whose radius îs il. 




51. Let h 



h^ 



height; 
100, 
_ 100 _ 25 



72ir iStt 



inches. 



52. If r=radîus of earth in inches, thfen 4sy^ will be 
the number of square inches in the surface ; 

.'. weight in tons = -^-^r*. - 
^ 112 



53- Let 



R 

.-. 47rR2 

.-. 47rR2 

.-. R2 



radius ; 
surface; 

r^ + r^; 



.'. R = Jf^-hf^. 
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54. Hère surface of ring 



ir2 



= — {144— ioo}ii7r2 inches. 
4 

55. The thkkness of ring = / ; 

.% inner diaineter = //— 2/: 

.'. surface = — {/^2 _ (^_ ^ty-^ 

4 

56, 57. See Mensuration^ page 52. 

58. Let the perpendicular ûom T on the diameter 
beTM. 

Then suïfaoe by BT = r . TM • BT, 

OTîface by AT =9r . AT^, 

surface by BTTM ■ BT ^ . . 

surface by AT "" AT* " n ' ' ' ^^^* 

Then if we dénote BT by x, and the diameter by 2r, 
we caji easily express TM, BT, and AT in terms of r 
and X ; and substituting thèse values in (i), we hâve an 
equaition for determining x. 



Exercises (8).— (Mensnration, page 83.) 

1. Find the solid content of a log of wood measunng 
25 feet 3 inches in length, i foot 9 inches in breadth, 
and I foot 3 inches in deptii. 

2. Pind liie number of cubîc feet of air in a room 42 
feet 8 inches long, 21 feet 4 inches broad, and 18 feet 
9 inches high. 



l: 



i: 
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3. Find the number of cubic feet and inches in a 
cube whose side is 

I.) 5 feet 3 inches. (3.) 3|- yards. 

[2.) 15 feet 4 inches. 

4. Find the edge of a cube whose volume is 

I.) lia cubic inches. (3.) i^ cubic yard. 

J2.) 2456 cubic feet 

5. By reducing the side of a cube 2 inches, another 
cube is formed whose volume is 296 cubic inches less 
than that of the original cube; find the side of the 
original cube. 

6. Find what length should be eut from a log of wood 
whose end measures i foot 9 inches by i foot 3 inches, 
so that the part eut ofF will measure 3|- cubic feet 

7. Find the volume of a parallelopiped, the area of 
whose base and height are 

(i.^ 15 square feet and 3 feet 5 inches. 
(2.) 2\ square yards and 5 feet 9 inches. 

8. Find the height of a rectangular parallelopiped 
whose volume and base are 

(i.^ 5 cubic feet, 3 square feet >■ 
(2.) i^ cubic feet, 9 square inches. 

9. Find the area of the base of a rectangular paral- 
lelopiped whose volume and height are 

(i.) 10 cubic feet, i foot 2 inches. 
(2.) i^ cubic foo^ 9 inches. 

10. How many gallons of water will be contained in 
a cistem in the form of a parallelopiped whose dimen- 
sions are 

(i.) 6 feet 3 inches long, 2 feet 3 inches broad, and 

I foot 9 inches deep. 
(2.) 17 feet 2 inches long, 6 feet 5 inches broad, and 

4 feet 3 inches deep. 
(3.) 9 feet 9 inches long, 4 feet 6 inches broad, and 

3 feet s inches deep. 

N.B. — A gallon contains 277.274 cubic inches. 
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11. Find the weight of water contained in a réservoir 
which is 12 feet 6 inches long, 9 feet 3 inches deep, and 
5 feet 4 inches broad. 

N.B. — A cubicfoot ùf water weighs 62^ Ibs, 

12. A cistem which is 25 feet long and 4 feet wide is 
filled with water; how far will the surface of the water in 
the cistern fall if 1000 gallons be drawn ofF? 

13. A réservoir is 12 feet 3 inches in length, and 4 
feet 6 inches wide ; how màny gallons will be run ofF if 
the surface sink \\ foot? 

14. Find the weight of a cubic fathom of water. 

15. Find the weight of water in a shaft 40 feet deep, 
and whose section is 3 feet 4 by 3 feet 4. 



Length =25 feet 3 inches = 303 inches. 
Breadth= i foot 9 inches = 21 inches. 
Depth = I foot 3 inches = 15 inches; 
.'. solid content = 303 x 21 x 15 cubic inches 



-^03 X 21 X 15 , . r 
= ^-^ 5 — - cubic feet 



1728 

2. 512 X 256 X 225 cubic inches ; 

^ ^ 512x256x225 V r ^ 

.'. .content = ^ ~ cubic feet 

1728 

3. (i.) Content = 63 x 63 x 63 cubic inches 

1728 

(2.) Content = — \ ^ cubic feet. 

^ ' 1728 

(3.) Content = - — - — - cubic yards. 
^ ' 2x2x2 

G 
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4. (i.^ Edgeofcube= */iioinches. 
(2.) Edge of cube= ^2456 feet. 
(3.) Edge= */3jx27xi728inches. 

5. Let X = side of original cube ; 

.•. a? — 3 = side of reduced cube ; 

.•. Jc3-296=s(^-2)^, 

or ^ç'— 296 = ic^ — 6:c2+ I2JC — 8; 

.'. ÔJi:^ — I2j;=288, 

or ^- 2*= 4^; 

. - g±N/4+i9g 
2 

2±I4 o r 

= - ^ = 8, or-6. 
2 

The last resuit îs inadmissible. 

6. Let X = length in inches ; 

.-. content of part eut off = 21 x 15 x ^ inches ; 
.•. 21 X 15 x^ = ^x 1728; 

7 x 1728 . , 

,\ x = — ^ mches. 

2 X 21 x 15 

7. (i.) Volume = 15 X 144 X 41 cubic iixches 

= iiiiiilMicubicfeet 

I44X 12 

__ i5_x_4i ç^IjJç £gg^ 
12 
(2.) Volume = |-X9xi44x69 cubic inches 
^5x9x144x69^^^.^^^^^ 

• 2 X 144 X 12 

_ S X 9 X 9 cubic feet^ 
2x12 
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8. (i.) Let ^ = the height in feet; 

.*. h = % feet 

(2.) Let h = the height in inches, 
,'. 9^ = 1 X 17285 

, 3 X 1728 . , 

.\ h = — menés. 

2x9 

3x1728 -^ 

= -^ — =24 feet 

12x2x9 

9. (i.) Let A = area of base in inches ; 

•'. i4A = iox 1728; 

. 10 X 1728 . , 
••. A = — inches. 

(2.) Let A = area of base in inches; 

.". 9A = f X 1728; 

. A 3 X 172S 

• • j\, — • 

2x9 

10. (i.) Content of cîstem = 75 x 27 x 21 cubic in. ; 

1. r 11 75x27x21 

. •. number of gallons = ^^ , 

^ 277.274 

(2.) Content of cistem = 206 x 77 x 51 ; 

/. number of gallons = ^ — ^. 

^ 277.274 

(3.) Content of cîstem = 1 17 x 54 x 41 cubic in. ; 

.*. number of gallons = — 7 ^ 54 x 4 ^ 

^ 277.274 
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1 1. Content of réservoir = — ^r : 

1728 ^ 

.'. weight of water = ^ — ix 4X 2g - ^^^^ 

1728 

150 X III X 64 X 125 ^ 

= -^ — 5-5. tons. 

2 X 2240 X 1728 

12. Let d= the fall in inches ; 

.'. 304 X 48 X //= volume of water nin off ; 
304 X 48 X // 

277.4- ' 

,_ 1000 X 277 • 4_^ 277400 
304x48 " 304 X 48* 

147x54x18 ,_ r n «. 

13. — ' ^ ^ = number of gallons run ofF. 

277.274 

14.' 6x6x6x 62!^ = weight in Ibs. 

6 X 6 X 6 X 1215 . , . . 

or ^ = weight m tons, 

2 X 2240 ° ' 

6x6x6x2^ . , . 

- = weight m tons, 



2 X 448 
9 X 6 X 25 

2 X 112 



= weight in tons, 



X ^ X 21; . , . 

^ — = weight in tons, 



112 



or 6 tons nearly. 

15. 40 ^ 3è ^ 3è = cubic feet of water ; 

40x10x10x62^ . , . . ,, 
.'. = weight in Ibs. : 

40 X 10 X 10 X I2t; . , . 

.*. . - = weight in tons. 

2 X 3 X 3 X 2240 ° 
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Exercises (9).— (Mensuration, page 88.) 

1. Find the volume of the following prisms whose 
base and height are 

(i.) 3 square feet and i foot 9 inches. 
(2.) \\ square yard and 2 feet 4 inches. 

2. Find the volume of a triangular prism, the sides of 
whose base are 17, 20, and 25 inches, and whose height 
is 48 inches. 

3. Find the volume of a prism 30 inches hîgh, on an 
equilateral base, each of whose sides is 15 inches. 

4. Find the height of the prism standing on a tri- 
angular base whose sides are 15, 17, and 20 inches, and 
which contains 2}r cubic feet 

5. Find the volume of a cylînder the radius of whose- 
base and the height are 

(i.) 2 feet 3 inches and 3 feet 6 inches. 
(2.) I foot 9 inches and i foot 9 inches. 
(3.) 5 feet 6 inches and 10 feet 4 inches. 

6. Find the radius of the base of a cylînder whose 
volume is 10,000 cubic inches, and height 2 feet 6 
inches. 

7. Find the weight of water contained in a cylindrical 
boiler, the radius of whose base is 2 feet 3 inches, and 
height 10 feet 

8. What must be the height of a cylînder, the radius 
of whose base is i foot 9 inches, and whose volume is 
12,600 cubic inches. 

9. Compare the height of a cylînder whose radius îs 
r with that of a hexagonal prism whose side is j, the 
volumes of both being alike. 

10. Find the number of cubic yards of earth taken 
from a well whose diameter is 3 feet 6 inches, and whose 
depth is 30 feet 
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1 1. Find how many coins, each -^^ of an inch thick, 
and f ths of an inch in radius, can be made out of a bar 
of métal 9 inches long, 3 inches broad,. and 2 inches 
thicL 

12. Find the quantity of métal in a pipe of 4 inches 
bore, \ inch thick, and 10 feet long. 

13. What is the ratio of the volumes of two cylinders 
of which the latéral surfaces are equal ? 

14. What is the ratio of the latéral surfaces of two 
cylinders of which the volumes are equal ? 



I. Volume = A//. 

(i.) 3 X - = — = 5 J cubic feet. 

1x9x144x28 ^^^^ 

^ ' 1728 



2. Area of base= ^31 x 14X 11 x 6; 



.'. vc^ume = 48 ^31 x 14 x 11 x 16 cubic in, 

3. Area of base= -^- ^3 ; 

4 

.'. volume =^^ — J% cubic inches. 

4 • ^ 

4. Let h - height of prism. 



Areaof base= ,y26x n x çx 6 = 6^13 x 11 x 3; 

5x1728 

.\ volume = 6^^i5 x 11 x 3 = ^^ — ; 

, 5x1728 720 . , 

,% h^ ^\ ' -=—, mchcs. 

12^13x11x3 ^429 
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5. (i.) Area of base = Trx (27)^; 

.'. volume = ir X (27)2 x 42 cubic inches. 

(2.) Area of base = Tr x (21)2 cubic inches ; 

.*. volume = ^ X (21)2 X 21 cubic inches. 

(3.) Area of base = w x (66)^ ; 

.'. volume = ^x (66)^ x 124. 

6. Let r= radius in inches. 
Then irr^ = area of base ; 

.•. vr^ X 30 = volume ; 

.'. 307rr2= loooo; 

Jioooo 100 . , 
— — mches 
307r ^307r 

- ^^ feet 



3n/3o^ 



7. Volume of cylinder = w x (27)^ x 120 cubic in. 

TT X 27 X 27 X 120 , . ^ ^ 

= 5 cubic feet. 

1728 

Weight of one cubic foot of water = 62^ Ibs. ; 
.'. weight of water in cylinder 

TT X 27 X 27 X 120 X I2Ç „ 

= '" ' 5 ^Ibs, 

2 X 1728 

7rx27x27x 120 X 121; ^ 

= 's tons. 

2 X 1728 X 2240 

8. Let h = height of cylinder in inches. 
Area of base = tt x (2 1)^ ; 

•'. volume = TT X (21)2^ = 12600 ; 
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12600 1400 



.\ h = 



TT X (21)^ ir» 7 
200 200 



77r 22 



= 9y^y îiiche* 



9. Let // = height of cylinder, 

and h' = height of prism ; 

.'. ir/^h= volume of cylinder, 

and - — J^ = volume of prism ; 



2 



... i=,3fV3^ 

To. Volume of well = ir x (21)^ x 360 cubic inches ; 

;rx2ix2ix ^60 , . - 

.*. ^ — cubic yards. 

27 X 1728 "^ 

1 1. Volume of onâ coin = îr(f)2 ^ inches 

= -2 — — cubic inche& 
64 X 32 . 

Volume of bar =9x3x2 cubic inches ; 

0x^x2 
. •. number of coins = ^ '^ 

TT X 9 

64 X ;J2 
^9x3x2x32x64 

TT X 9 

3x2x32x64x7 



22 



= 3909tV 
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12. The métal in the pipe 

= vol. of 5-inch pipe - vol. of 4-inch pipe 

= îr-(|)2l20-7r(2)2.I20 
= I207r{«j? -4} = I20^.;J 

= 2707r cubic inches. 

13. Let V and V dénote the volum.es, 

and r and r' theh: radii, 

// and h' their heights. 
Then 2tnrh 
and 27rr' 



, \ dénote the latéral surfaces : 



r h 

But V_ r^h m.h h' 

or inversely as the heights. 

14. Let S and S' dénote the latéral surfaces. 
Then, as in the last question, 

S r^ 

But since the volumes are equal, we hâve 

h y^ 

or inversely as the radiL 
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Exercises (10).— (Mensniatioxi, page 99.) 

1. A triangular pjnramid on equilateral base, each of 
whose sides is 15 feet, has an altitude of 30 feet; find 
its volume. 

2. The base of a pyramid is a regular hexagon whose 
side is 16 feet, and whose height is 25 feet; find its 
content 

3. Find the volume oi a pyramid on a square base 
whose side is 120 feet, and whose slant edge is 120 feet 

4. Find the volume of a cône, the radius of whose base 
is 4 feet 6 inches, and whose height is equal to its cir- 
cumference. 

5. Find the volume of the frustum of a cône, the cir- 
cumferences of whose bases are 66 and 56 feet, and 
whose height is 4 feet 

6. Find the solid content of the frustum of a cône, 
the perpendicular height of which is 7 feet, and the 
radii of the ends are 5 feet and 4 feet 

7. Find the weîght of water in a tank in the form of 
the frustum of a cône, the radii of the ends being 10 feet 
and 8 feet, and the distance between being 5 feet 

8. A cylinder and the frustum of a cône hâve the 
same height, and stand on the same base; find the ratio 
of the radii of the ends of the^ frustum when its volume 
is one-half the volume of the cylinder. 

9. How often can a wine-glass in the form of a cône, 
2\ inches in diameter and 2 inches deep, be fiUed out of 
a cylindrical tumbler, 4 inches in diameter and 3^ inches 
deep ? 

10. Shew that the différence between the volume of 
the frustum of a pyramid and the volume of a prism of 
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the same altitude, whose base is a section of the frustum 
parallel to its bases^ and equidistant from them, is 

if A and a dénote the areas of the base, and // the height 
of the frustum. 

11. Find the volume of a wedge, the edge of which is 
3J inches, and the length and breadth of the base 5 
inches and 2 inches, and the height 10 inches. 

12. The length and breadth of the base of a wedge 
are 10 inches and 5 inches, the height i foot, and the 
edge I foot ; find the volume. 

13. Calculate the latéral surface, the total surface, and 
the volume of a cône as a function of the slant height, 
the radius of the base being equal to the altitude. 

14. Shew how to divide the latéral surface of a cône 
into n equal parts by planes parallel to the base. 



I. Area of base = 



.'. volume = 



4 

(15)» 



Jz-> 



^3xf 



225 X3O , ^ 

= — - — ^ Jz c. ft. 

_ 225o /-_£I£S' 
^ 4 "J^" a 

J$ cubic feeL 



2. Area of base = 



6(16) 



2 



.•. volume = 



4 
6(i62)25 



Jzi 



Jz 




3^4 
— Z^^^fJz cubic feet 
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3. Area of base = (i 20)^ ; 

.*. volume = '— ^(i2o)2 — 2(60)^ 

= (i^V2(6o)« 

(I20)2 
= ^^ '— X 60 J2 

= (l20)2x 20^2 

= 5^—3 — cubic feet. 

4. Area of base = ^(54)^ ; 

3 
= 1^(54)* cubic inches 

= ^ ^^^^o cubic feet 
" 3 X 1728 

5. Area of greater base = - — '—, 

4^ 

Area of smaller base = ^^ ' : 

4ir 



.•.volmne=i{<^ + M.% /M!. M!} 

3 l 4ir 4ir \/ 4ir 47r J 

^4/(66)^,(56)^,66.56! 
3I 47r 47r 4ir j 

= -^{(66)2 + (56)2 -f 66 . 56} cubic feet 

6. Hère we hâve 

volume = ~ (s^ + 4^ ■♦• 5 ^ 4} 
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= ^{25 + 16 + 20} 
3 

7 X 61 X ir , . /. ^ 

^- cubic feet. 



ïîTr 

7. Volume of tank = ^{102 + 82+10x8} cubîc feeL 

Since i cubic foot of water weighs 62^ Ibs. wè hâve 
total weight of water in tank 

^ 5X125X244X22 j^^^ 
2X3X7 

< X 12»; X 244 X 22 ^ 

= ~ ^-^ tons. 

2 X 3 X 7 X 2240 

8. Let R = radius of common base, 

h = common height, 
and r = radius of upper end of frustum. 

Then ifS^h = volume of cylinder, 

— {R2 + r^ + Rr} = volume of frustum ; 

.-. irR^2 = — {R2 + f^ + Rr}; 

•% 3R2 = 2R2 + 2r2 + 2Rr, 
or R2 = 2r2 + 2Rr; 



112 
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(Ty-<T)-*-^=3' 



R 



(7:)-i=n/3; 

77=1+ n/3; 

. R : r : : i + ,73 : i. 



9. Volume of glass = ''^{xf ^ §» 
Il II tumbler = ^^^f x |^ ; 
.*. number of glasses in tumbler 



^xfrxl 2x2Sr 



25 



10. The area of the section parallel to the ends, and 
equidistant from them, is evidently 

( A^ + tf\ ^_ A + tf +2 Jha 
~V) " 4 ' 

.'. volume of prism of which this is 
base, and height h, 

h 

= -{A + <z + 2 jAja}f 
4 

and volume of frastum 

= -{A + dJ+ JAiï}; 
.•. diflference of volumes 

= -{A + a-h JAa} — {A-^a-^2 JAa} 

= — {4A + 4zr + 4^Atf-3A-3^ï-6^Afl} 

^^{A + tf-2 VA^r} = — { JA- Ja}\ 
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II. Volvime of wedge (page 99) 

2 X 10, 



■{10 + 1\\ 



^20 27 



= 45 cubîc inches. 



1 2. Volume of wedge = ^—7 — {20 + 12} 

= 10(32) 

= 320 cubic inches. 



13. Let s dénote the slant heîght of the cône. 
Then we hâve r=h = —7-. 

Volume of cône = area of base x - 

3 

= TT • — X r- = V- 



2 3 n/2 6 J2 

S J* 

Latéral surface =7r.— 7-x j = ir— j-. 

Total surface = tt . — ^- + tt — = ^-V-C i + ~7~) 



14. Let / dénote tîie slant heîght of the given cône, 
and OAi = a:. 

Then OA^B^ ; OAB, being sîmilar suiÊiceSy ive bave 
OAiBj : OAB :i s^'.l\ 
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or I : « : : ^ : /* ] 






n 






Similarly, OAj = -i4Ë', 



&c. &a 



Exercises (11).— (Mensuration, paire 111.) 

1. Find the volume of a sphère whose radius is 

(i.) 5 inches. (3.) 3 feet. 

{2.) 2 feet 6 inches. 

2. Find the radius of a sphère whose volume îs 
(i.) 5000 cubic inches. | (2.) 3 cubic feet 

3. Find the volume of a sphère whose surface is 

(i.) 25 square feet | (2.) 100 square inches. 

4. Find the diameter of a sphère which has the same 
volume as a cylinder whose height = ^, and radius of 
base = r. 

5. Find the radius of a sphère which has the same 
volume as a cône whose height = h, and radius of base 
= r. 

6. Find the quantity of métal in a spherical shell 
whose outer diameter = ^f inches, and whose thickness 
= / inches. 

7. A cône circumscribes a given sphère, and the 
height of the cône is twice the diameter of the sphère ; 
shew that the total surface of the cône is twice that of 
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the sphère, and the volume of the cône twice that of 
the sphère. 

8. Prove that when the side of the frustum of a cône 
is equal to the sum of the radii of the bases, the height 
of the frustum is twice the géométrie mean of the radii, 
and the volume is found by multiplying the total surface 
by the sixth part of the height 

9. A triangle whose sides are 5, 4, and 3 revolves 
round the largest side as axis; compare the volumes 
generated by the other two sides. - 

10. Find the volume generated by an equilateral 
triangle revolving round one of its sides. 

1 1. The volumes generated by a parallelogram turning 
successively round two adjacent sides are inversely as 
the lengths of the sides. 

12. Find the volume generated by a regular hexagon 
revolving round one of its sides. 

13. In a sphère of which the radius is R, and centre 
O, to draw a plane AB cutting the sphère, such that the 
ratio of the surface of the zone BPA to the surface of 
the cône BOA, which has for vertex the centre O of the 
sphère, and for base the circle AB, may be \, 

14. Divide a sphère of given radius into two parts, so 
that the volume of the one part may be to that of the 
other in the ratio of m : n, 

15. Express the volume of a sphère as a function of 
the circumference of a great circle. 

16. Prove that the volume of a cylinder circumscrib- 
ing a sphère is a mean proportional between the volume 
of the sphère, and that of the equilateral cône circum- 
scribing. The cône is said to be equilateral when the 
diameter of the base is equal to the slant height. 

17. The diameters of the earth, of the moon, and of 
the sun being proportional to the numbers 

i> TT» 112; 
how are the volumes of the moon and of the sun 
expressed if that of the earth is taken for unity ? 

18. If we join the middle points of two sides of a 

H 
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triangle by a straight line, and make the triangle revolve 
round the remaining side ; shew how to find the volumes 
generated by each of the two parts of the triangle. 

19. The volumes generated by a rectangle tuming 
successively round two adjacent sides are v and t/; find 
the diagonal of this rectangle. 

20. Having given a sphère of which the radius îs R, 
construct a cône which has the same volume as the 
sphère, and of which the height is half the radius of the 
sphère ; what will the radius of the base be ? 

21. AB is the diameter of a sphère; shew how to 
draw a plane perpendicular to this diameter, dividing 
the sphère into two parts, whose surfaces are to each 
other in the ratio of 2 to 3. 

22. An is®sceles triangle of which the base is b, and 
other sides each equal to a, tums round its base; 
express the volume thus generated. 

23. An equilateral triangle, ABC, revolves first round 
the side BC, and afterwards round a line DE, through A, 
parallel to BC ; compare the volumes thus generated. 

24. The différence of the radii of two sphères = dy and 
the différence of their volumes = V ; find the radius of 
each. 

25. The volumes of a right circular cône, of a sphère, 
and of a right cylinder of the same height, are propor- 
tional to the numbers i, 2, 3, when the cône and the 
cylinder hâve for bases a great circle of the sphère. 



z. Volume of sphère = = -g-. 

«3 



8 



(i.) Volume = ^^^^-. 

(2.) Volume = ^^-^^ - cubîc înches. 
^ ' 3 



EXERCISES ON MENSURA TION, 1 1 T 

(3.) V = ^'^ = 47r . 32 = 367r cubic feet 



= 3/3V Jl 



(3V ah X 5000 



/. (i.) r= »f3_ii?22 inches. 



3-^ feet 

< 

3. V = -î = 43rr2x- = S x - = S x -j-r = -t-t. 

•5 3 3 3 ^TT» ÔTT» 

(i.) V = ^^ = -7-j- cubic inches. 
(2.) V = ^r-T- = -^-T- cubic inches. 

4. Volume of given cylhider 

Let D = diameter of sphère which has this volume ; 

/. -^ = TrrVi ; 

.-. D^ = 6r^/i; 
.-. D = l/ôr^A. 

5. Volume of given cône 

3 
Let R = radius of sphère which has this volume; 

. 4^R^ _ '^^^ . 

3 3 



ii8 
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6. The outer diameter being d, and thickness / ; 
.*. inner diameter îs //— 2/; 

.', volume of shell = -Ad^ - (^- 2/)^} 



TT 



= 1{^3 _ ^3 + 6^2/ _ 1 2^/2 + 8/3} 



ÎT 



g{6^/-I2///2 + 8/3} « 

= 7r{^2/_ 2^/2 +4^8} 

= ir/{//2_2/// + ^/-} 
= ir/{//-/}2 + — . 

7. Let D = diameter of given sphère ; 
.'. 2D = height of circumscribing cône. 

Then ttD^ = surface of sphère. 

To find the surface of the circumscribing con^ 
wç must first find EC the 
diameter of its base, and 
this is evidentiy equal to BF. 
But 



BF2 = 2D.D 


= 2D2 


.-. BF = EC = D72; 


.*. latéral surface of cône 


2 


2 '^ J2 




.*. total surface of cône = firD^ + ^irD' = 2irD'. 
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But surface of sphère = ttD^ ; 
/. total surface of cône = 2 surface of sphère. 



2D 7rD3 



Volume of cône = iîrD^ x 
Volume of sphère = '—r- ; 



.*. volume of cône = 2 volume of sphère. 
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8. (i.) Hère PT = R + r. 

It is required to find OQ or 
PS the height. 

WehavePT2 = PS2 + ST2; 

.-. PS2 = PT2-ST2 

= (R + r)2-(R-r)2 

= (R + /- + R-r)(R + r-R + r) 

= 2R X 2r 

= 4Rr 

.'. PS or ^ = 2 ^Rr. 

That is, the height of the frustum îs twîce the géo- 
métrie mean of the radii. 

(2.) Volume of frustum = ~{R2 + r» + r^}. 

o 

But total surface of frustum 

= îrR2 + Trr^ + 7r(R + r) x slant height 

= 7r{R2 + A^ + (R + r)(R + /-)} 
= îr{2R2+2r2 + 2Rr} 
= 27r{R2 + ;^ + Rr}. 
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But volume of frustum 

= 2ir{R2 + f^ + Rr}g 
s total surface x 7. 

9. Volume generatedbyBC (4) 

3 
Volume generated by AC 

='^:(Ç?)!xAP 

3 

, volume by BC _ BP 
volume by AC ~ AP' 



But 


AB 


: BC : : BC : BP, 


pr 


S 


: 4 :: 4 •• BP; 
.•.BP=\'*. 

3 


Similarly, 




AP-2. 


- 


/_ '._ '■ ■ 


BP 16 
*"AB°9* 


• 


volume by BC _' 1 6 



volume by AC 9 ' 
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lo. Let the equilateral triangle ABC revolve round 
the side BC. 




We evîdently hâve for cône generated by AC, 

3 
and the same for cône by AB ; 

. •. whole volume = fir . AP* • CP 



ÎT, 



^ 



= — y where s dénotes Ûie length of side. 



II. Sînce the volume generated îs equal to thcproduct 
of the area of the paraîldogram by 
the drcutnference descrihed by Us 
centre^ we hâve 

volume generated round AB 

= area of fig. x ir x CM ; ^^ 

volume generated round BC 

= area of fig. x tt x AN ; 

volume round AB _ area of fig. x «■ . CM __ BC 
volume round BC ~ area of fig. x w • AN "" AB * 
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12. Let ABCDEF be the hexagon supposed to 
revolve round the side AB. 




Let a = the side of the hexagon. 

The volume V, which is thus generated, îs composed 

(i.) Of the cylinder generated by the rectangle ABDE. 
(2.) Of the volume generated by triangle AEF. 
(3.) Of the volume generated by triangle BCD. 

« 

Volume of cylinder by ABDE = tt x (AE)2 x AB. 

But AE, the side of the equilateral triangle, inscribed 
in a circle whose radius is a = a J'^; 

.*. volume of cylinder = 37rû^ 

The volumes generated by the triangles are evidently 
equal. 

But volume by AEF = JAH x surface by EF. 



But 



AKr=a 



^^sll 



and surface by EF = 7r(AE + FG) x EF 

.% volume by AEî; = ^-^ ; 
.•. total volume V = iv(^. 
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This expression can be put in the form ' 

2 2 ' 

that is to say, the volume generated by a regular hexagon 
revolving round one of its sides, is equal to theproduct of 
the area ofthe hexagon by the àrcumference described by its 
centre, 

13* Let r = radius of sphère, 

m = ratio. 

Let X = distance OH from the centre of the sphère to 
the sécant plane. Then we hâve 

. Surface of zone 

APB=:27rr(r-a'). 

Surface of cône 



OAB^Trr^r*-^». 



2(r— ^) 



Jf^ — ^ "" ~" sjr + X ' 



r—x m^ 



r + x 4 ' 



4 — m 



4 + m^' 



Km L 2, the value of x is positive, and we hâve 
one solution. 

If w = 2, the value of x is zéro ; this shews that the 
zone becomes a hémisphère, and the cône is reduced to 
a great circle, but the surface of a hémisphère is double 
that of a great circle. 

If w 7 2, we hâve a négative value for x, and the con- 
ditions may be satisfied by measuring x in the opposite 
direction OP'. , 
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In the paiticular case we hâve m-\\ 

4 + A 65 

14. Let ^=heîghtPS 

•% 2r-;i=hcightFS. 
Volume of zone APB 

= -(AS)«.>ft + JirÂ» 
J'lh{2r'-h)^\ir}v' 

2 ^ ' 2 6 

But volume of whole sphère = - — ; 

3 

\ V Z 

or irà^^r-X) : 47rr* : : m:m + n, 

or 3M^-A*:4r' ::m:m-^n. 

Hence we hâve the foUowing équation : 

^ m-k-n 

15. Let C = circumference of great circle. 
Then V=-g-=^.^ = g;3. 

16. Let R = radius of sphère. 

Then = volume of sphère, 

3 
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27rR^ = volume of cylinder, 
3irR' = volume of cône, 

.*. the volume of cylinder is a mean proportional 
between that of the sphère and cône. 

17. Since the volumes of the sphères are proportional 
to the cubes of their diameters, we hâve 

volume of earth : volume of moon : volume of sun 

:: i»:(Ay:(ii2)» 

27 

' ■ ' • : 1404928. 



1331 



18. The volumes generated by the two triangles are 
easily found \ hence the volumes by each of the parts. 

19. The sides of the rectangle being a and b, Let v 
and v' be the volumes round a and b respectively, we 
hâve 



v^vàl^ 


(I), 


v' = Tra^b 


W; 


V b î^' ^ 





diagonal = ^ — -7 — '- ... (3). 



a 
But since z^z^' = tt^ . «^ . ^ . 

w' 
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But from (2) we hâve 



a 



= TT* ^ (v* v)K 



m • 



7; 

Substitutîng this value of — in (3), we hâve 

diagonal = ^, ttt. 

20. Let X = radius of base of cône. 

Then — 7 — == volume of cône, 

o 

and = volume of sphère : 

3 

Tx'R _ 4irR» 
* 6 - 3 ' 

21. The surface of the smaller segment will evidently 
be § of the surface of the sphère. 

Let R = radius of sphère, 

and x = AD the height oï segment (fig. Mensuration^ 

page 70) 3 

. .-. 7^{2R.^}=|{4îr.R2}; 
2^J^2^ 
5 . 27r . R * 

22. Volume generated by AC 
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DC 
.'. total vol. = 27r(AD)2 . 

23. Volume generated by triangle round BC (see 
Exercises 10) 

""" • 
4 

Volume generated round DE 

%. Tin AO 
= area by BC x -^ 

3 

= 27r X AO X BC X — 

3 

= Itt X A02 X BC 
= f7rx 832 xS 

. volume round BC _ 4 _ t 
volume round DE *" w5^ "* ^* 

2 



24. Let R and r be the radii of the sphères ; 

. 47rR8 , Airr^ ... ., . 
• . and wiU be the volumes. 



3 3 

Then R-r^d, 

and ^^^^^Y^ 



3 
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From the last we hâve R^ - r^ = -— . 

Let ^ = D. 

47r 

Then we hâve the two équations, 

R -r = ^ ... (i), 

R3-r3 = D ... (2). 

Dividing (2) by (i) we hâve 

R2 + Rr+f^ = -5. 

a 

From (i) we hâve R^ - 2Rr + r^ = //2 . 



d 



.-. R2 + 2Rr + r2 = *^-i/ï2. 
But R-r=/2r; 

Substitutîng for D its value ^^— , we hâve 

4T 






and 
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25. Let D~dîajD&eter of sphère = hei^t of cone = 
height of qrlinder ; 

.'. area of base c^ cône and cyKnder=-D2; 

1 r «"tas I^ ^D* 

/. volume of cône = -D^ x — = , 

4 3 12 ' 

volume of sphère = --r-, 

volume of cylinder = -D* x D = ; 

4 4 

.'. voL of cône : vol. of sphère : voL of cylinder 

i:\fi fl-D^ vTfi 

12 * 6 '4 

1:2:3. 



MISCELLANEOUS EXERCISES. 
(Mensuration, page 113.) 

1. Given the total surface of a right cîrcular cône, and 
also its volume, to détermine tiie cône. 

2. In a gîven sphère, it is requîred to inscribe a 
cylinder whose total sur£Éu:e is given. 

3. In a triangle ABC, draw AD perpendicular to BC ; 
from D draw DE perpendicular to AB, and DF perpen- 
dicular to AC. Having given the lengths of thèse per- 
pendiculars equal respectively to P, py, and p^ find the 
sides of the triangle. 

4. Gîven A, the area of a triangle, and the ratio of 
any side to the perpendicular on it firom the opposite 
angle equal Xom \n\ find this side. 

5. Find ihe aiea of a square inacribed in a dxcle 
whose radios is r. 
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6. Find the radius of a circle whose area is equal to 
that of three circles whose radii are r^, rg, r^. 

7. If d dénote the différence between the radii of two 
circles, and S dénote the différence between their areas, 
find the radius of each circle. 

8. If A dénote the area of a right-angled triangle, and 
h the hypoténuse, find the other two sides. 

9. In a triangle whose sides are a^ d, c, and whose 
area is S, we hâve given a, â, and S ; it is required to 
find the remaining side c, 

(i.) Interpret geometrically the values of ^. 
(2.) When will the two values of c be equal ? 

10. Find the ratio of the area of an equilateral triangle 
inscribed in a circle to that of the inscribed regular 
hexagon. 

iim The sides of a triangle are 42, 40, and 37 feet; 
find the sides of a second triangle similar to the first, but 
four times larger in area. 

12. Prove that the area of the regular hexagon in- 
scribed in a circle is f of the area of the circumscribing 
hexagon. 

13. Indicate upon the faces of a pyramid the trace of 
a plane which divides the latéral surface into two parts 
in the proportion of 2 to 3. 

14. To divide the triangle ABC, by a Une DE parallel 
to AC, into two parts proportional to the numbers 8 
and 9. 

15. To divide the triangle ABC into^fz^^? equal parts 
by Unes D^Ei, DgEg, D3E3, &c. parallel to AC. 

16. To divide the triangle ABC into ^ve parts pro- 
portional to the numbers 5, 6, 7, 8, 1 1, by lines D^E^, 
DgEg, &c. parallel to AC. 

17. The total surface of a right circular cône is S, and 
its radius is R ; find the length of the generating line. 
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x8. The latéral surface of a cône is S, and the length 
of the generating Une is G ; find its volume. 

19. If the slant height of a cône is equal to the 
radius of the base, prove that the latéral surface is equal 
to the surface of the base. 

20. AB is the diameter of a semîcîrcle whose centre 
is O ; upon each of the radii, OA, OB, are described 
semicircles ; find the volume generated by the surface 
between the three semicircles. 

21. The interior radius of a circular tower is r, and 
the height is ^ ; find the thickness of the wall when the 
volume of masonry is v, 

22. The height of a cône is equal to its diameter; 
find the ratio of the surface of the base to the latéral 
surface. 

23. The volume of the frustum of a cône = V, and 
the radii of the ends are R and r ; find h, 

24. From a sphère of radius r a segment is eut off, of 
which the convex surface is j; find the surface of its 
base. 

25. Find the radius of a sphère whose volume is 2 
cubic feet. 

26. A cylinder cîrcumscribes a sphère; find the 
ratios of the surface, and of the volume of the sphère to 
the total surface, and to the volume of the cylinder, r 
being the radius of the sphère. 

27. An arc of a great circle of a** is /; find the volume 
of the sphère. 

28. If âr » the side of a regular pentadecagon inscribed 
in a circle whose radius is R, prove 

R 



« = --(^10 + 2^5+ n/3- J^S)' 
4 

29. Shew how to find the volume generated by a 

triangle tuming round any line in its plane. 

I 
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30. The ^uiii of two cxicles aie r^ and r^ the distance 
of their centres is a ; find the length of their common 
chord. Find what relation must exist between the 
constants that the chord may be zéro. 

31. Find the sides of a right-angled triangle, knowing 
that they are three consécutive numbers. 

32. If a- the side of a r^;ular polygon inscribed in a 
drcle whose radius is R, and A = the side of the similar 
circumscribed polygon, prove 

(i.) A = 



(2.) A = 



2AR 



V4R2 + A2 

33. In the fig. of JEuc/id, I. i, if r dénote the radius of 
each circle, find the area of the part common to both 
circles. 

34. Three equal circles touch each other; find the 
area of the part between them, the radius of each circle 
being r. 

35. Divide a circle of radius r into three equal parts 
by concentric circles. 

36. Shew that the area of tfa^ regular inscribed 
octagon is equal to that of a rectangle whose adjacent 
sides are equal to the sidês of the inscribed aini cir- 
cumscribed squares. 

37. Find the ratio of the volumes of two qrlinders 
whose latéral surfaces are equal. 

38. Find the xatio of the lateial surfaces of two 
cylinders whose volumes are eqiiaL 

39. Shew that the areas of ail triangles described 
abôut the same circle are proportional to their per- 
imeters. 

40. If a, p, y dénote the distances from the angular 
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points of a triangle to the points of contact of the 
insczibed circle, shew that its radius is 



\a + )8 + y/ ' 



4T. The perimeter of an equilateral triangle being 27 
yards, find the area. 

42. If the right angle were divided into sixty degrees 
instead of ninety^ what would be the circular measure 
of75°? 

43. An arc of 1 20° in one cîrcle îs equal to the whole 
circnmference of another ; compare their radii, and iînd 
how many degrees of the circumference of the smaller 
circle are equal in length to the radius of the greater. 

44. The diaraeter of a circle is divided in the ratio 
of xf : 2\y and circles are described on the segments as 
diameters ; compare the areas of the three circles. 

45. Find the length of the arc which subtends an 
angle 6° 12' 36" in a circle whose radius is 100 yards. 

46. How many cubic inches of iron will be required 
to form a garden roller, which is \ inch thick, with an 
outer circumference of 5^ feet, and a length of 3^ feet. 

47. If r be the radius of the inscribed circle of a 
triangle whose sides are <z, b, c, and/^/j,/^, the three 
perpendiculars, prove 






abc 

48. If a triangle, ABC, be formed by joinîng the 
centres of three circles which touch each other, and if 
s be half the sum of its sides, a^ b, Cy then the radii of 
the circles whose centres are A, B, C are respectively 

s —a, s—b, s—c. 

49. At the distance of 50 miles from a tower, its top 
just appeared in the horizon; find its height, having 
given the earth's diameter to be 7964 miles. 
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50. Find the area of a circle traced on a sheet of 
paper by a pair of compassés whose legs are 6 inches, 
and contain an angle of 1 20° ; ûnd also the area when 
the legs are at right angles to each other. 

51. The hypoténuse, AB, of a right-angled triangle 
is trisected in D and E; prove that the sum of the 
squares of the sides ôf the triangle CDE = |AB2. 

52. An equilateral triangle and a regular hexagon 
hâve the same perimeter ; shew that the areas of their 
inscribed circles are as 4 : 3. 

53. If /a» A' Pe dénote the lengths of the Unes drawn 
from the angles of a triangle to the middle of the 
opposite sides, prove that side 

54. In a given circle. is inscribed an equilateral 
triangle, and in that triangle another circle, and so on 
ad infinitum ; shew that the sum of the circumferences 
of ail the inner circles is equal to that of the given 
circle, and the sum of their areas to a third of its area. 

55. Shew that the sum of the squares of the distances 

of the centre of the inscribed circle from the angular 

points of a triangle 

, , 6adc 

= ac+ûc + aû 7 — , 

a + ù + c 

56. If r, r^y rg, r^ be the radii of the inscribed and 
escribed circles of a triangle, and R the radius of the 
circumscribing circle, prove 

Area of triangle = J^i^^zy 

and that ''1 + ''2 + ''3 ~ ^ = 4R- 

57. Shew that the chord of a quadrant of a circle 
divides the circle into two parts in the ratio of 10 : i 
very nearly. 

58. For I inch of rainfall, shew that the weight of 
water on an acre of ground is 100 tons nearly. 
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59. A circular hole is to be eut in a circular plate, 
so that the weight of the plate is reduced \ ; find the 
diameter of the hole. 

60. The area of the régulai hexagon inscrîbed in a 
circle is a mean proportional between the areas of the 
inscribed and circumscribed equilateral triangles. 

61. If a spherical shell, when formed into a solid 
sphete, be equal in volume to its own cavity, shew that 
the thickness of the shell = R x •20629. 

62. A cubic foot of copper is drawn into a wire ^^th 
of an inch in diameter ; énd its length. 

63. A spherical shell weighs ^Jths of a solid sphère 
of the same size and material ; find the diameter of the 
internai cavity. 

64. A perfectly flexible rope of uniform thickness is 
closely coiled upon a level floor. If the diameter of 
the rope be 2a, shew that the length of the first n 
complète coils will be 

iran(2n + 1) ; 

shew also how to find the length of the {n 4- i)th coil. 



3. In the triangle ADB we hâve 
AB : AD : : AD : AE, 
AD2 P2 



or AB = 



p2 



Similarly, AC = - . . 
Again, BC x P = ABx/i + ACx/j; 




VP--/1* ^P^-A* 
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4. Let jcssthe side; 

•'. —X =the perpendicular; 



m ' 



• • •* — — — — — - 

n * 

.•. X = / , 

isj n 

5. Area of square evidently = 2 A 



6, Let R = radius of cîrcle. 

Then wK^=:'jrr^^ + irr^ + vr^^; 



.-. R= Jr^^ + r^^-^r^K 

7. Let R and r dénote the radîi. 

Then R -r =d ... (i), 

R2-^^ = | ... (2). 



X 



Dividing (2) by (i), we hâve 

but R-r=//; 

.\ 2R = —j+ii; .'. R = :=—> 

TO ' 27ra 

and 2r=-->-tf: .•. r= t— . 
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8. We evidently hâve the two équations, 

.'. 0^ + 2Xy +J^ = A^ + 4A, 
X^ — 2JÇy + J'^ = ^2 _ ^^ . 



.'. o: +J' = ^//*^ + 4A, . 
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.% ^ = è{ V>^* + 4A+ -y>i2-4A}, 



J>' = è{^/>^' + 4A-^/>i2.4A}. 



9. Hère the perpendicular firom A or A' on BC 

2S 




P a 



Now 



^ = «2 + ^+2^. Cp 



=^a^ + l^±2ajd^- 



4S2 



r2 



Hencç we can find the value of c, the figure îndicatÎDg 
its two values. 



If 



a2^ = 4S2,or^=2S; 



that is, if a and â contain a right angle, the two values 
of c are equal. 
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10. Let K = radius of circle. 
Thea R ^3 = side of equîlateral triangle, 

and R = side of hexagon. 

^R2 

Area of equilateral triangle = - — ^3. 

4 

^R2 

Area of regular hexagon = - — ^3 ; 

I 

area of equilateral triangle __ 4 ^ _ , ' 

area of regular hexagon ~ 3R2 "" '-^ 

11. Since the areas of similar triangles are as the 
squares of their sides, we hâve 

1:4:: 42^ : ^, 
I : 4 :: 40» iy\ 
1:4:: 37^ : z^i 

;; = 8o, 
5=74. 

12. Side of inscribed regular hexagon = r ; 

.'. area = ^^ — JZ' 

Side of circumscribed regular hexagon (page 20) 

2R 

6R2 



Area 



"n/3' 
.". area of regular hexagon inscribed 
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13. The surface of the upper portion = f surface of 
whole pyramid. 

.-. >42 . H2 : : 2 : s ; 

.-. S/^2=2H2; 

n/5 



14. BDE: ADEC :: 8:9; 

.'. BDE = y®Y of whole triangle 
ABC. 

.-. BD2 :BA2 ;: 8 : 17; 

.-. i7BD2 = 8BA2; 

... BD = ^AB. 




iS. 



Simîlarly, 



BDi2 : BA2 ; : 1:5; 
.V sBDi^ = BA2, 

BD, = -î-BA. 

BD2 = ^?BA, 
&c. = &c. 



16. 



BDi2 : BA2 : : s : 37, 
37BDi2 = 5|BA2|; 

.-. BD, = -V^AB, 
^ n/37 ' 

BD2 = -V^AB, 

^ n/37 

&c. = &c. 
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17. Let G = generatingKne. 
Then latéral surface = ttRG- 
Area of base = irR^ ; 

.'. total surface =irRG+irR2s= S; 

"^ irR • 

1 8. Let R = the radius of base ; 



7rR2 /G^^R* 1 
^-, V = volume: 

3 
But irRG = S; 

•R-A. 






or 



or 



S2 I 



i^^^G^ ' ^ V7r2G*-S2f= volume, 



S2 



^^qT >2G* - S2 = volume. 



19. Let R = radius of base = slant height ; 

.'. area of base = ttR*, 
and latéral surface = irR x R = irR^. 

20. Let r= radius oflaigest semîcircle; 

.\ - = radius of each of smaller : 
2 

.•.iî^=voLgeneratedby 
largest semicirde ; 

and ^— ^ — = vol. generated 

by each of smaller semi- ^1 
curcles; 
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•\ ^—^ — = vol. genexated by both ; 
.•. ^irr* — -Jirr* = vol. generated by portion between 

.% vol. generated by both = -(AO)^; 
.•. vol. generated by portions between 

= 7r(AO)3 = 7rR». 

2 1. Let / = thickness of wall ; 

.•. r + / = outer radius ; 

••. 7r(r + t^h - irr^h = V ; 



.-. (r + /)2 = 



TT^ 






_^ fv + irr^Â 
"si irh ' 



••■'=j 



— r. 



w^ 



22. Let r = radius of base, 

2r=height; 
.*. n^ssarea of base; 



/. AT Jt^ + (2r)* = latéral surface, 
or T^^ Js = latéral surface; 

area of base i 
latéral surface ,^5' 
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23. Wehave— {R2 + r2 + Rr}=V; 



^rlR-^ + r^ + Rr}' 



24. Let >^ = heigh^ 

Tttrh = surface = S ; 

S 



.-.// = 



zirr 



S / S 

27rr\ 



But AQ2 = //(2r-^) 
.'. area of base of segment = ir -J ^ 2 (4^^ "" S) > 



.5. V = i^ 



n/4^ 



-4/ 



3x2 
47r 



26. Let r = radius of sphère ; 

.'. 47rr2 = surface of sphère, 

^ — = volume of sphère ; 

2irf^ + 47rr2 = (nrt^ = total surface of cylinder, 
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2irr® = volume of cylinder ; 

surface of sphère _ 47ir2 ^ 
total surface of cylinder " 6irr* " ^' 

4irr* 

volume o f sphère _ 3 _ g 

y. 



volume of cylinder 2ir; 



27. Circumference of great circle = ^-ô-^; 



/. diameter of sphère = ^—5- - ; 




et' w 



.'. volume of sphère =-( o ■ -) . 



28. Let AB be the sixth part of the circumference, 
and BC the tenth ; then the 
chord AC will be the side 
of the regular convex pen- 
tadecagon. Draw the chord 
AB, and from B drop BP 
perpendicular to AC, meet- 
ing it produced in P. 

Now AC = AP - CP. 

By comparing the two 
triangles, OCM and ABP, 
we evidently hâve 

AP = OM, 

and the line CP is evidently the height of the equilateral 
triangle described on BC. 

But BC = — ( ^5 - 1) {Mensuration, p. 23) ; 

2 

.-. CP = ^( Jï^ J3. 

4 
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and OM = — ^10+2 ^5, evidently ; 

4 



4 



29. As in Exercise 12 (11), it maj be shewn that the 
volume generated is the area of the triangle multiplîed 
by the drcumference described by the point of intersec- 
tion of the Unes drawn ûom the angles of the triangle to 
the middle of the opposite sides. 

30. The line joînîng the • centres bîsects perpendicu- 
larly the common chord ; 

- 4 area of triangle , ., j 

/. /= -' ^— , whose sides are r^, r<^ and a. 

The chord will be zéro if the area of the triangle 
vanish ; that is, if r^ + rg = tf, or if the circles touch. 

31. Let a:=.onesîde, 

other sides. 



X+2) 



Then («+2)2 = (^+ 1)2 + ^, 

a^ + 4x + 4= 2x^ + 2;c + I ; 
.'. A:2_2:r-3 = o, ^ 
or {x-s)(x+i) = oi 

•*• ^ = 3> or— I. 
The first value only is admissible. 

The numbers are therefore 

3, 4, and s. 

32. See Mensuration^ page 20, Prop. IX. 
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33. To find the aiea of tiie pordon ACBC. 

The part ACB uicladed between the arcs AC, CB, 
and the line AB, is 

= sector CAB + segment 
AHC. 

But segment AHC = sector ' 
ABC - triangle ABC 

.•. part ACB = sector CAB + segment AHC 

.*. whole part common to both circles 

= -^ — n/3=-5-{4^-3n/3}. 

34. The part between the circles is evîdently equal to 
the différence between the triangle formed by joining 
their centre and the three equal sectors. 

Area of triangle = r^ J^. 



Area of one sector = 



.*. area of three sectors = 



m 

6 ' 



•*. area of triangle between the 
circles 
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35. Let r = radius of given circle. 
Let r| = xadîus of inmost circle ; 

.Mrri2=i7rr2; 

Similarly, ^2 = / ~ ^« 



36. Side of the inscribed octagon == r ^2 - J2. 

Area of octagon is evidently eight times the area of 



a triangle whose sides are r, r, and r ^2 - J2. 
But* area of this triangle = 



r2 



.'. area of octagon = -^,- = 2r x — j- 

>/2 n/2 



r 
= 2rx 



^2 

side of cir. squai^e x side of inscr. square. 



37. Let z'i and v^ dénote the volumes. 
Then — *- = --Vz 

But since the surfaces are equal, we hâve 

2'irr^h^ = 27rr2^2 > 



(I). 













Subslituting 


m(i), 


, we hâve 
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38. Let Sj and S3 dénote the surfaces. 

Then h^^J^i^r^ ... (i). 

But since the volumes are equal, we hâve 
or 2*= A 

Substituting in (1), we hâve 

39. Let r^ radius of cirde about which triangles are 
described. 

Then area of triangle 

a h c 

222 

= xr 

.2 

= half perimeter X radius. 

But since the radiuâ never varies, the area of the 
triangle varies as the perimeter. 

40. Area of triangle (as in the last exercise) 

= (a + j8 + 7) x> 

area of triangle 
a + p + y 

^ J{o- + P + y)a/?y 
a + ^ + 7 



\a + + y/ 
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41. Perimetex =27; 

.'. side= 9. 

Area "=^"7 Jz* 

4 



42. - would then be the cîrcular measure of 60® : 
.*. ^-f -1 = circûlar measure of 1°; 

.*. T^f-) = cîrcular measure of 75° ; 
^ = circular measure of 75^ 



43. Let C and C dénote theîr cîrcumferences. 
Let C^ and C^ dénote the circuniference, 

.-. r=3/. 

Then C : C : : 3:1 

»\r i r' : : 3:1. 

The arc will be one whose circular measure is 3 

= 57^ 17' 45" ^3. 

44. The diameters of the circles are proportîonal to 

2> 3. S- 
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Their axeas are proportional to 

4, 9> 25. 

45. Let / dénote the îength of arc. 

Then /= -^ — x 2007r. 

360 

46. The volume ia found by considering the roUer as 
the différence of two cylinders whose radii are 



33 

TT 



and Q^ - 1) inches, 
and whose height is 42 inches, 



andis 4(33)--(66-^)% 

47r * 



iir u ^2 area 

47. We hâve p^ = -— — -, 

2 area 



A= 



2 area 



But area 

2 



A= ^-> 



^ ^ ^ (2 area)^ 
= ^ ^xr; 



.*. 2 area = (âr +^ + ^)r; 



tf^^ 
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48. Let x^ y y z be the radiL 

We hâve 20: + 27 + 2:5 = perimeter ; 

perimeter 
^ 2 

Sîmilarly, the other radii are 

S-^, andS-r. 

49. Let h dénote the height. in feet, 
and D * diameter in feet 

Then (D+>5)/5 = /2^ 

or (D + ^)^=(5ox 1760x3)2; 

.•. h^-\-I>h = (50 X 1760 X 3)2, 
and solve the quadratic for h. 

50. (i.) The distance between the points of the com- 
passés evidently = 6 ^3 ; 

.'. area of circle = ir(6 ^3)^ 

= ioStt square inches. 

(2.) Distajice between the points = 6 ^2 ; 

/. area of circle = 7r(6 ^2)^ 

a= 7 27r. 
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5 1. AC2 =. AD2 + DC2 + 2AD . DP, 

BC2 = BE2 + EC2 - 2BE • EP ; 

. .-. AC2 + BC2 = 2DE2 + DC2 + EC« 

+ 2AD{DE), 

or AB2 = DE2 + DC^ + EC« + DE^ 

+ 2AD . DE, 

AB2 = DE2 + DC2 + EC2 

+ DE(DE + 2AD) 

AB2 = DE2 + DC2 + EC2 + AB x JAB 
= DE2 + DC2 + EC2 + ^AB2 ; 

• •. DE2 + DC2 + EC» = I AB2. 



Ï5I 




52. Let S = common perimeter of triangle and 
hexagon ; 

S 
.'. - = sîde of triangle, 

-r = side of hexagon, 




radius of circle within the 
triangle 

Since radius of jcirde within the hexagon = side ' of 
inscribed hexagon, we hâve radius of circle within 
hexagon 

12 ^^ 

But the areas of the cîrcles are as the squares of the 
radii ; 

3 

circle within triangle _ (18)2 ^ 144 _^ 4 

circle within hexagon " 3 ~ 324 ~" 9" 



• • 
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53. We hâve 




.-. 2(«« + ^ + ^ = K^ + a« + ^ + 2(/.2 +/jî +/.2), 

or 3(«'' + *' + ^ = 4(//+/;*+A*); 

= 4^<.* + 4^** + 4A'' 
= 4/»a' + 4^»' + 4^c'-x-^A^ 
or V = ^i^^t^-^Pc-y 



.•.f=|-s/20»a*+A')-A'. 

54. Let r = radius of given circle ; 
.'.r J^ = side of equUateral triangle, 

~ = radius of second cîrde, 
2 

- ^3 = side of second triangle. 
Sum of ail the circumferences except the first 

(T T T \ 

= 27rr{^ + i + | + &c.} 

= 27rr = circum. of first circle. 
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Sum of areas of circles except the first 

I ^Hw 4^A é^9t I 

l 4 16 64 J 

= Trr^ I i + -^ + ^ + &C^ l 
1 4 16 64 j 

ss ^irr^ s ^ area of original cîrcle. 

55. Using the resuit in Exercise 40, and substituting 

for a + p-hy, 

we obtain the required expression. 

56. Hère (page 40) we hâve 

area 



s * 



area 



area 



area 



(area)* 
••• ^^i^^^'-s{s-'a)(s-'b){S''C) 

(area)* . v- 
(area)2 ^ ' ' 

••. area= sF^^Yv 

Agaîn, substituting the above values for rr-^rjr^^ and 
that for R found in page 75* we obtain the other resuit 



«54 
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57. Sector AOB = 



irf* 



Triangle 



and 



AOB = — ; 

2 ' 



= segment ASB ; 



— {3ir+ 2} = segment ATB; 




ATB T<3'+»} 



segment A TB 4 ^*^" "^ 3^ + 2 
segment ASB "" r^ , < "" ir — 2 



58. I acre = 4840 yards 

:= 4840 X 9 X 144 inches ; 

.*. thîs base with a height of one inch gives 
4840 X 9 X 144 X I cubic inch 

= 4?iîi^iiH4cubicfeet 

1728 

Weight of one cubic foot of water = 62 J Ibs. ; 

4840 X 9 X 144 X 62^ 
1728 X 2240 



• * 



tons. 



59. The weight is proportional to the surface ; 
.% surface of part eut off=Y surfece of whole plate; 
.•. (diameter of hole)^ : (diameter of plate)^ ^ i : 4> 
4(diameter of hole)^ = (diameter of plate)^ ; 



EXERCISES ON MENSURA TION 155 

•*. 2(diameter of hole) = diameter of plate ; 
. *• diameter of hole = 7 diameter of plate 

= radius of plate. 

60. If r = radius of circle ; 

.'. — ^^3 = area of inscribed hexagon, 

r ^3 = side of inscribed equilateral triangle, 
2r ^3 = side of circum. equilateral triangle, 

— ^3 = area of inscribed triangle, 
4 

3^ JZ = circumscribed triangle, 
but Ç^3x3r»^3-^2î!^, 

which proves the proposition- 

61. Let R = the radius, 

/= thickness of shelL 

D = diameter of shell, 
d=z diameter of cavity ; 

.*. volume of shell = ^{D* - ^*} = ^d^ ; 

2 ' 

• • I* — ^^» 
2* 
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But /= =s 



= Rx •20629, 



^ II 22, o 

62. — X — X — /=i728: 

20 20 7 ' 

, 1728 X 7 X 20 X 20 - ^ 

.% l^-^ ' feet 

12 X 22 



^l. Weight of shell : weîght of sphère 

: : volume of shell : volume of sphère 

::|{D»-^}:ÎD»; 

.•• 19 : 20 :: D^-^^ : D^; 
••. i9D^ = 2oD^-2o//*, 
20^8 = D8; 

20' 

. D 
.'. d = 



2/20- 



64. Let the extremîty of the rope be a hémisphère; 
first complète coil will consist of two semicircular 
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portions whose radii are a and 2a ; the second, of the 
two portions whose radii are $a and 4^, and so on ; 

.'. length of ist coil = irdJ + 27ra, 

length of 2d coil = ^wa + 47ra, 

length of 3d coil = 57ra + ôva, 



length of «th coil = {2/1 — i)ira + 2nira ; 
.*. length of ist n coils = Ta{i + 2 + 3 + ... +2») 

= va(2n + i) — 

= iran{2n + 1), 

' The length of the (n + i)th coil will evidently be 
equal to the différence between the sum of the first 
{n + i) coils, and the sum of the first («) coils, both of 
which can be found. 



THE END. 
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PREFACE» 



#»l^^M>f» » ^'^ # #'^» 



The branch of pESTALOZZfs Ehmentary Cour$0 
of Instruction called Farms^ (.a mail portion qf the 
détails of wAich are çontained in the/ollowingpages^J 
i$ one, whose objects are so extensive and important^ as 
tù predude the possibilité ofentering into a satisfacta^ 
explanation of it in this worit. By its Inventor^ it is> 
defned to be " An artificial mode of exercising the 
eye of a Child to observe the fonas and détermine the 
dimensions of the varions objects that meet his obser:» 
vation ,- andy also, of teaching his hand to represent 
them!^ Andy it is plain^ that under such a définition,, 
the rudiments of Writingj Dramng^ Mathematics^ and 
indeed every^Science which dépends upon thefaculty of 
sigM^immediately arrange themselves. 

It mil appear by theabove définition^ that thi& 
Branch divides itself into two distinct parts. — Ist. 
Observing the Form and determining their Dimensions^ 
m>hich is called « The Relations af Formsi^ 2d.— 
Teaching the hand to describe them^ nôhich is called-^ 
*^ The Description qf Forms.** The Instruction of a 
Pupil may be sdid to begin with the Relations^ in aSi 
much asthe first step is to maie him acquainted with a 
few common terms^ siish as Jlpri^, HopixQtttal^ 



f ^ ) 

Slaniing, ParaUelj Straighif Curved and Croohei^ 
In doing this a définition qf thèse ierms 15, by no means 
required Jrom a Child; but simply ta ascertain hf 
questions^ *fphether, he associâtes a correct idea *mtk 
each of them. Thus you ask him-^Whai do y ou 
understmd hy Round ? This he is probably unable 
verbally to reply to^ but the abject of the question 
hctoing been to convince him of his ignorance f that 
donCf ya^ immediately relieve him Jyy ashing hifn again^ 
** to point out something that\is Round P** If he replies 
hy namingsome objecta such as a halfpenny^ or a cart^ 
nxikeel^ ihat are rounds you are certain that he associâtes 
a correct idea mth the term^ andyour ohject is uttained; 
and it still remains for a more advaticed period to lead 
him to the discaœry of those properties "which character^ 
ize a Circle. 

Hère the fa^^ther considération of\x}hat may betermed 
•* The Relations of Fàrms^* pauses for a time to admit 
ofsome progress in desmbing them mth the hand-rr 
T/iis ought to begin by ^certain Gymnastic exercises^ hy 
*mhich tke Child leams how to use^ ïst his whole arm 
from the shoulder joint.— Wy 9 His armfrom the elbow. 
Sdly, His hand jrom the mrist.—Afthly^ Only the 

« Âi a iinivenal course of gymnastic Exerciseï, whereby the Chttd ii Uugbt t» 
^bsenre U»e variçu» movemcnt» of cvery joint of hi* body and limtw, and to 
practice t^em, form» a part of the gênerai System, and wiU be attended to b«w 
>tttor«o.aafeBMdbeHidofltiBtbi8p]ao& '* 



Jtngen. He ii thenmade to take a Utile stick in hii 
hand^ and maoe H aceording to certain prescribed rtdes 
in evety possible direction» 

Me may fhenproceed to describe on a large Slate. of 
hlackened Board^ placed nearly upright, the séries qf 
tessons in Curved Unes contained in the foUowing 
pages ; and it will quickly strike an observant person^ 
imhy Curved Unes are more easy of exécution^ and con^ 
sequently prior to Straight ones^ inasmuch as the arm^ 

. iiûhen ' lefi to itselfi' naturally describes a part of a 
Circle / nohereas the production of a Straight Une 
requires the complex maoemeht of more joints than one. 
The two séries of Curved andof Straight Unes may be 
considered as thefirst step . in describîng^ Forms^ being 
the simple exercise of the hand* . The next step is the 
exercise of the Eye in dividing fwithout being per^' 
mUtedto measure) Straight Unes into varions partSf 
such as halveSf fourt^, eighths, thirdsy sixthSf ninths^ 

JlfthSf tenthsy sevenths^ SfC. as preparatory to the \st 
Table if the Relations of Forms^ *which immediateiy 

folU/ws. 

Having càmpleated thèse three SerieSyihe Pupil will 

fnd himself fumished Xttith certain éléments, of which 

the objects.given in the Appendix are exclusivdy made 

upy and in the use qf which one caution is. highly 

neçessaf2f-^namelyf that it never was iniended topusà 
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Êhe mode qf âittatian througi att'ikê éetail$ ^ 9m 
^laborate dramngp bui merdy to carrjf U sofar as ii 
may benecessary to habituaie iAe PupU ni his ovm 
mindi to compare the propofii(ni$ of whaisoeoer olgect 
he is describing s beyond that^ it must naturally appear 
asfrivdlous and absurd, as it will be Jbund q^dvau-' 
tageoùs wken kept mtkin due limits. 

U Viill also be observed tkai amsideraile prDgre$s 
itfmerds ihe nàcessary ^rt of WriUng will hâve beeu 
mode by the^tcquirement of thèse éléments, in as much a» 
q gênerai freedom of hand a^nd acmiracy of eye hâve 
prtparedthepupif to observe and imiiiUethepartiadar 
form presenied in his copy, as also io discover his 0am 
errors inthe eûfecution of it. BtU to the, détails ffthit 
useftd and necessary art exclusive attention shail b^ 
paid in a future publitation» 

It ishoped thaf Teachers "mil addTtuany ,$tép$ x»hici 
arise out (f the lessons hère given s such as the apply^ 
ing Cttraes to ail sorts of Slanting lineSf and joining 
the several points of division in linesj divided into 
parts byCurved Unes j and tnanysimilart which ^tpould 
exceed the limits of ihis *mork* It h scarcety necessa ry 
to caution Teathers ag&inst attempting .to follo*3» 
in a MECHAKICAL MANNER the Questions and 
Exercises as they are given. Teaehers who hâve noi 
nh&ervationenûughtûvary their quesitians as occasion^ 
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HMfpéiM anA^ hai better n§iundértttie togive Instrw^ 
i^mmikisfian^ oêé^girMt mùam ^mUlhe neeeuaty 
wM dJ^erent ditpimtions and tmier i^g^mt ctfrvMi»- 
stances. It has beenrecorded of tke Bmperot CffjMLES 
V. that in his retirement he labouredfor a considérable 
Urne in xfàin^ to regutate two ^dbatches io keep time tvith 
cne amther. Finding the thing împtacticable, he was 
^s^truckwith the cAsurdity qf his ffoon poUlical career^ in 
having endeavauredtô give ^at uniformity of opération 
to the hutnan mifidj ^Mch he cotdd not communicate to 
^hese little machines» Surdytkis Utile anecdote ought 
to prove a tesson to those Instructors who thinJc tofolUm 
'a béàtenunalterûidetrackin c&mmunicating anybranch 
lùf kni^édge té the kuman tnind. They may overload 
thé rhemory "uilth crude materials^ but thèse mil remain 
nseless and speedihf mould^ in the Stores^ ufdess the 
reasonbeenaUedtooperateuponthemwitfp effecty and 
practically to apph/ them to their several purposes."-^ 
This latter mil be found to be the object of this System 
in eoery branch of its advancement. 

The détails of the Relations of FormSj together mth 
£he \st Table, are given as the first attempt of 
Pestalozzi, to realize his views of teachinga Child 
to act by ride in observing the forms and dimensions of 
mch objectsas arepresentedto him ; and he anxiously 
solicits such persons as approve of his viewsj rather to 
f^'opose to themselves the same end^ and taking Nature 
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and C0UU02T sensé far their directorsi ta mate <nd 
détails forthemsdves^ than blindly tofodam thôse ixéich 
Aehimsetf cansiders merdy as afirst aitempt to make 
triai qf his prjndples. 

The détails qf the Description qf Forms are but 
similar attempts an the part qfthe Editer^ in tha& 
branch which kas nat as y et been arranged in détail by 
PESTALazzii and he hopes such persqns as of^H 
.themselves qf them will fàllam the abaoe request qf 
PESTJLOZZli andrather arrange new détails an the 
gênerai principleSf (which mU be valuable documents to 
the PubliCf) than blind\y fatlcm such imperfect ones as 
are hère giventoexemplify the mode qf teaching re- 
(Dommended by PssTALOZZi^ rather than to be consi^ 
ékred as .exercises tobe rigidiyput in practice* 






.DESCRIPTION OF FOBMS* 

IN commencing thl& Brânch^of Instruction Ûké. 
Arst thîng to be done is to aBsociate a defined meaning 
to a few necessary Tcrms, for whîch purpose the fol- 
lowing questiorts-may serve as an outlîne ; but, îtïwust 
be remembered tliat the Instnictor shblild ttever con- 
Une hîmself to the order of question^ «et down, but 
must vary thèm according to the ajoswers gîven by the» 
Chiidren* 

< 

V 

ÏNTRODUCTORY QJŒESTIONSi 
Q. Do you know whatthe word UTRIGBT means ? 

. KOTE—Aja answer tû thls question fs not cxpected, but the perception of igno- 
noce wfiieh It awakeos BhouU be immediaitely rdieved by thefoUowing Question:' 

Q. — Shewme somethîng that you conceive to be 
Uprîght ? 

Eren hère there may be some hésitation, and it should, after a ahoit pause be le;^' 
lieved by tbe foUowing: 

' Q. — Is the walI of the room Upright ? 

Q.r— Shew me somethîng eUe that îs Uprîght ? 
. Q.— Cait athing that is Upright slant in anj? 

jâfirectîon? ^Ét 
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% - 
Q.— What then do you mean when you say » 

thing (on alîne) îs Uprîght ? 

Q. — ^Do you know what the words H0itiZ0NTJZ$ 
or FLATj mean ? 

Q.--^bew me sometliiag -tliat 13 Horizontal ? 

Q. — Is the top of the Table Horizontal ? 

, Qi-^Sbew me son^ething else tbat is Horizoïrtal ? 

Q.~€a^ « tbing tliat is truly Horizontal slant 
lA any dix^tion ? 

Q^ What Î9 the meaning of thé word Horizontal ? 

Q, Do you know why the Word Horizontal îs used 
to express flat or level things ? 

Q.— ï)id you erer obserye in a plaîn country, or în 
sîght of the sea, the appearancc of aline where the 
«ky and the earth, (or sea,) meet ? This line îs, în 
such cases, perfectly Flàt, and îs called the HoriaûB» 

Q.— Can you now tell why the word Horizontal is 
nsed to sîgnify Fiat or Level ? 

Q. ^Do you know what SLANTINO mcans ? 

Q.— Shew me somethîng that is Slantîng ? 
Q.— b the roof of the house Slantîng ? 
Q.^Shew m» somethitag dse tkat U Slwtin((^^ 
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^ --^DolMlh skies éf the roof slant in the same 
direction ? 

^ Q. — How could yon name the difierent directions 
in which tbey slant ? . ' 

Q. — Whicli way doesthe tide i^positeymir right 
fiand slant ? 

Q.— ^Which way does the^ide oi^KMite your,left 
hand slant? 

Q« — Can a diing be both Upright and Slanting ? 

Q. — Can athingbe both Horiscnilal and Siantiog? 

Q. — Is a Slanting Une then fiitber H^montal or 
Uprîght? 

Q« — What then is a Slanting line ? 

- Q* — What do you mean by stuaight ? 

Q* — Shew me some A ing that is -Straight ? 

Q.-— Is that Rule Straight ? 

Q. — Shew me something else that is Straight ? 

Q."— >Can a thtng be Upright and Straight A th^ 
same time ? 

Q.— Can a thîng be Upright without beingStraîght? 

Q% — ^But cân a thîng be Straight Tvithout being 
Upright ? 



Q. — C^ a thing be Horizontal and Straîght at the 
«tmetime? 

Q. — Can a thing be Horizontal without being: 
Straight? 

Q.— Can a thing that Slants be Straîght ? 
Q^ — Can a thing Slant without being Straigl-t f 
Q^— Can a thing be Straîght wîthout Slanting ? . 
C^ — What do you mean by cunvED ? 

fi* 

• Q^— Shew me something that îs Curvéd ? 

C^ — ^Is the arch of a Bridge curved ? 

^— Shew me something else that is curved ? 

Q^ — In what direction would you say the arch of a 
Bridge was curved ? 

Q^;— It is bent upwards, ù e. thefiill part of the curve 
points upwards. Biitcannot a. Curve Une be bent in 
any other direction but upwards; for instance, what 
is the contrary of upwards ? 

Ç^.— Thus, if the ends of a Horizontal line were 
}oined by a jcurve. drawn aboyé the line, how wouldyou 
say the curve was bent ? 

Q^ — If thç ends of a Horizontal line were joined 
by a curve dra\»n below the line, how would you say 
;Ûie curve was bent ? 
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^ — But suppose the Curve lîne was drawn so as le 
join the encîs of an Uprîght line, on the right hand 
iide of it, how would you say the Curve was bent ? 

• Q^ — Wby ; which way does the swell of the curve 
lie? ' 

Q^Suppose the curve lîne was drawn to join th« 
ends of the Uprîght Une on the left side, which way 
would you say ît was bent ? 

' ^orj&~Tbcse différent direcdoof crf Curred liiMB should be drawn <vi a Sfaïc» 
before the PupU, and then tbe Questions asked reapecCing themj UDdentvuUQg (9 
a Curved Une at fint^a fourth part of aCircle* 

Q^ — What do mean by CROOKMD ? 

Q^ — What is the différence between Crooked and 
Straight? 

i^ — Which îs the shortest way fî*om one place to 
auothér, a straight or a crooked path ? 

^ — Suppose now two points on your Slate wera 
two places, which would be the longest, a crool^ed or 
, n straight Une drawp to join tbem ?' . 

Gt^ — Is there any rule or regularity in a Crooked 
lîne ? , 

Q— Is there any rule or regularity în a Straight 
Une r 

C^— What then is the di&rence betweea Cvodbàd 
and Straight ? 
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Q.— What is the différence between Crooked o^è 
Caired ? 

Q^ — U there any rc^ari^ in tlie bcndr ig of « 
Ci^ooked 1 iuc ? , ' 

Q^ — Isthcre any regularity in the bending of« 
Curved line ? 

Qj— Wlrat then î»lhe différence betwecii a Curved 
Line and a Crooked one ? 

C^j— You are rîght : ** A Curved line is bent regur 
larly ; a Crooked line is bent irregularlj/.*' Remember 
aiso, ^< A Siîmgkù line is the skartest ihat eanjointwo 
pointSf and cannât bend eithet^ *ts>axj^^- 

C^— Do you know what parallel means ? 

C^— Shew me something tbat is Parallel ? 

Q^ — Are tbe two Unes f(»*med b; tlie two opposite 
edges ofthat slate the same distance from one anoiher 
in every part ? 

Q^j^lï they are, they are ealled Paralîel ; vhafr 
then does Parallel mean ? 

' Qj— Are Hoi îzontal lines Parallel ? 

C^-^Can Horizontal lines be otber than Parallel? 

€^_Placé that STate so that twoofits opposite 
<4^ei roay be Horizontal ? Are they Paailel to one 
AnidÀer? 



(^-^anUiUrig^t Une* be Parallel ? 
€^;,— Can ihey be other tbun Parallel ? 

C^— Place two opposite edges of that Slate so thoft 
both may be Upright, bat noi both Parallel i^ yoi| 
can ? 

Qj— Do you not then perceive that evcry Uprigbt 
Une must be Parallel to every otber liue that Î9 
Upright ? 

€^— Can Slanting Une» be Parallel ? 

C(j^— Place two opposite edges of that Slate so thaï 
they may be both Slanting and Parallel ? 

C^ — Can two things Slant wikhout being Parallel ? 



^ — Shew me two Unes that Slant M'ithout heing 
the same distance from each other in. evcry part.-r~ 
Thus you see Slanting Unes may be Pkrallel or may 
not, but Upright and Horizontal Une» mus! be alway» 
Parallel to one another ? . 

ii^— Can Curred Unes be Parallel ? 

C(^— Can Unes be Curred without beîng' Parallel ? 

C(^-^Yott aieriglit: they may either be Parallel 
or not* 
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DESCBIPTION QF FOBM& 



CHAP. I. , 

THE Chîld having been taught, as în thelbrego* 
îng Questions, to observe various lîne§ in fbe objcct» 
arôund hûn, and led to perceive the différence be^ 
tween Straight and Crooked— Crooked and Curved 
lines ; to know wbich Straight lines a?e Uprightji 
which Horizontal, and which Slanting. Toperceive 
tliat Curved Unes may be bent upwards, to either hand, 
or down>\ards, and to distinguish them from ohé 
another. He is liow called to t^ace thèse lioes with fk 
pièce of Chaik on a large Slate, or blackened Board* 

SECT. L— PiJrjS /.. 

' ' ■ ' 

Draw a Curved line bending upwards,— (a,> FlG. 1) 
0,-r-liave you done it ? What hâve you done ? - 

^07£--.Each of thèse ITigutes «bouUl be tepeated and dwelt upon imtilit can bit 
performed with dexterity; and, moreover, ghoiUd there be much aykwardness on 
the part of the Fupil in first esaayiag to draw them, it wilTbe found expédient to inak* 
him lay down his Chalkand perfbrmahttle Gynmastic exercise, ualng hisannAreely 
irom the Sboulder joint pnly, andturningit round andxdund, fintfrom Right to Lef^ 
thenfhnnLeft toRight; aOex^whicb hewUlbe found todewibe much bet^Curvc^ 
onresumingbiâ Gbalk» 

Havîng succeeded in dra^ing one tolerable CuirveA 
line> the orders are rené wed as f oUows :— • 
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l)raw ftnotber Curved line bôlow (et êboct) (lie 
firsl, bending upwards.— (6, FIG. 1 .) 

Q^ — Hâve you doue it ? What hâve you donc? 

Below (cfr ahaoe) thîs second Curved Une, draw m 
tMrd Curved line^bending upwards. — (Cy FIG. l.) 

Q^— Hâve you dohe it ? What hâve you done 7 

Below (orahcme) this third Curved Ime, draw ano- 
ther Curved Une,, bending upwards. — (rf, FIG, 1.) 

C(j;-r-Have you done it ? What hâve you done ? . 

Below (crab(yoe)i!ixi% fourth Curved line, dra^ 
ènother Curved line, bending upwards.—- (^, FîG» 1.) 

Q^^ — Hâve you done it ? What hâve yoû done ? 

You'may now enquîre: How many ends has one^ 
. of thèse Curveiï Knes ? In a Curved Jine, bent ' 
upwards, how do you distinguish them one from 
another ? 

Q^ — How are they called ? 

C(j-r-Which is the end towards your rîght hand or 
theright end ? 

Q. — Which is the end toirards tout left hand. of 
tbeleftend? ' 
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SECT. IL 

Draw a Curved Une bendmg to the left-^o, 17(?.C.) 
Q^— Hâve yon dope it ? What haTe you done ? 

Draw a second Curved line^ bending to the leA» al 
the rigbt hand side of tbe fir8t«*-(&| pig. S») 

l7*-^Have you done it ? What hâve you done ? 

Draw a ihird Curved Une, bending tb the left^ at 
ÛKt rîght hand side of die second. — (r^ r/a S») 

ô.«»»Have you done ît ? What hâve you done ? 

Draw a fiwrth Curred line, bending to the lef^ at 
ihe fi^bt hand side of the third.-^^^, FIG* 2.) 

©.^— Ha« you done ît? What hâve you done ? 

Draw a fifth Curved Une bending to the left, at the 
ri^ht hand side of the fourth.^e, FIG^ 2.} 

<2f— Haveyou done it ? What hâve you d<Hie? 

i^w inany ends bas a Curved lînebent to theleft ? 

How do you distinguîsh them one from an >ther ? 

What do you call them ? 

Which isthe Upper end? Whîch is the Lower end? 

VOrS— Ibomieh attmlion canootbc given by the Initnictor to observe faulti in 
ihe peifbniianoèof «Mb figure, m the principal .ol^éctof thèse opemtioiu Is to give ma- 
Bwrifartlity. HeabotOdeoeustointhe Pupa to repeatthecoiniiiaailto biniaelf while 
iKeeuting it» aad abc when tt ie- compleeted, inrc|>lytothe (jueitioD **Wkaihmxtf(nt 
jDHr/** inerdertoheoeitatai .thathevadentandi wbalheiidoiog'* 
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Unmm Gàfmd Hiia bendiog t0 A» »ighl««W 

Q.— Hâve yôu donc it ? What Iiave you done | 

Draw a sefQvd.Cunred lixM^ bendin^ to the ii|^ 
en Uie left hmà side af t^e fùt-^t,— *($;| tHQ, S.) 

Q. — Haye you. donc ît ? What hâve you done? 

Draw atbird Curved linc^ bending ip tlierighV Oii 
the left hand side of thq second.«-^C5 fig, S«) 

Q,— *Have you done ît ? What hâve you done ? 

Draw a fourth Curved lîne, bending to the right> OQ 
the lefl han4 side of the third. — {d. Fia. S.) 

'd.— Hâve you done ît? What hâve you done ? 

Draw a fifth Curved Une, bending to the righ^ ou 
the left hand sîde of the fourth.— {^, FIG. 3.) 

Q.— Hâve you done ît ? What hâve you donc? 

How many ends bas a Curved Une \kxA ta t)lt 
right ? 

How do you distinguish them ? 

lïow are they called ? 

Whîch Is the Upper.end? 

Which is the iower end ? 
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. SECT. IV. 

Oraw a Curved Une bandîpg downtirards— /^a, JFTO ij 
ft— Hâve you doue ît ? What hâve yotf done ? 

Draw a second Curved lîne, bendîng^ downward% 
above far belowj the fîrst.~^ô, FIC. ^.) 

€i — Hâve you done ît ? What hâve you doné ? 

Draw a , thîrd Curved lino, bending 'downward% 
tbov« /or ii?foa?^ the second. — (c^ FIG. é.J 

Q.— ^Have you done ît ? What hâve you done ? 

Drawafourth Curved lînc, bending downward% 
•bove for belowj the thîrd. — fd, FIG. é*/ 

Qf Hâve you done ît ? What hâve you done ? ' 

Draw a fifth Curved Une, bending downward% 
above for belowj the fourth. — fe^ FIG. ^.) 

Q.«— Hâve you done ît ? What hâve you done ? 

Q, — How inany ends basa Curved line, bending 
downwards? 

Q, — How dd you caU them ? 

How do you distînguîsh them one from another ? 

Whîch îs the end lowards your right hand^ orthf 
irîght end ? ' 

Whîch is the left end? 
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SE et. V. 

Draw^flCuired Imebending apward&^^/^a Fig. SJ 

Q. — Hâve you done it ? What hâve jou done ? 

From the right liand end of this linc, and below it^ 
draw a Cnrred Une bending to the rîghu-^f ^.Fig. 8j 

Q. — Hâve you donc it t What have you doiie ? 

Frbm the leff liand end of the Une behdîng upw 
Wards) draw a Curved Une bending 'to tHe lefi:.-^ 
(e, Fig. S.) 

Qrf— Hâve you qfone ît ? What havè you done ? 

Draw a Curved line bending downwards,- joining^ 
the loWer end of the Curved Une bending to the left, - 
to the lower end of the Ciirved (ine bending ^to' the 

Q* — Hâve you done ît? What hâve you dbne? 

Q.~ What is this Figure caiied ? 

Q.— What îs the pomt în thef middle of if callèd f 

. Q.— Could you draw from the point în the mîddle, 

whîch is caUed the Centre^ to the Curved Une qf the 

Circle two Straîght Jinei^ that would be of différent 
lengths ? • 

Q. — ^What lengths then are ail the Straîght lîhes 
you can dtaw from the Center to the Curved Une of 
the Circl^ when compared with ohe another^ 
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SECT. FI, 

Ibkh a {teintai 4be,k& Inma liié «f jfftw Sitte. 
Begianiag aitliat point draw, Uwardsyour r%ht 
faand/a Curred Une besnding upw^rds — ^a, Fig. 6.JI 

.^Q»<^Have you doae it ? Wbat bave y^ doue.? 

Mark a poiat on the right haxid fiide oC ycmr Skite. 
-Beginning at that point draw^towards your.leflhand» - 
a Curved Une bendîng upwards. — f 6, JPig. 6.J 

Q. — Hâve you donc it ? What hâve yoH dcMie ? 

Maik a point on iheleft side of your Slatet Be- 
ginning at that point draw» towardsyoar right hànd^ 
a Curvéd lîne bemfingdownwards.— /^, Fig. 6.) 

Q. — Hâve you done it ? What ha«re you done ? 

Mark a point at the right hand side of y«alF -Sblé^ 
Beginnîng at thàt point draw, towaccd» your kft haady 
a Curved line bending downwardd. 

Q< — Haveymi done it? What liai» you done ? 
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Vtowk a poînt at "thié top of your ^ksfm Aw^^ towtr ds 
fhe bottxna, acttrted liâe b^diflg ter tho Mis*^ 
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Q.-*^iiye you doue il ? Wbat bave joii done ? 

From a point ncar the bottom of your Slate draw^ . 
towards the top, a Curved Hne bending to the left. 

Qi-«-H4Dfe jMHi doue k ? Wkâtk«re yondone? 

From À poînt near the top of jquf Slate draw, to* 
wards the bottom^ a Curved lîiie bending (o the rightt 
-(c, Fig. 7J 

Q. — Hâve you done ît ? What hâve you done ? 

From a point Mur |1)« bottom of jrcmr £9at% drnw 
towardi Uto top, a Givrveâ Ihw becÂng to* the ri^t# 

W^^ JRg. 7 J 

l2.-*Haw^ you done ît ? What hâve you done ? 

t9dnwlfcelliMt«ta«uitel7, beglDiiii«MtberigUor left, atllietopor bottom ofth« 
Sale. Thia waifonn Mihmd to erwuwof «eeuttonf md ta fchgpraeiflB iMi«»i«|y rf 
■vdenii 
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Frotn • {MHot iB'tbj» nitUle af tW filate diMr, to. 
wards your right hand, « Cjmwd lina Uodiog «»• 



From the same point dnv, tovaidsjoiir leftbaiid^ 
m Curreil line bending iipvard&» 

Q*<— HftTeyoa doue h ? Wliailiave jÎM doae? 

From a point on Ufee kft side of yiNff Skfce dmf, 
toward$ TOUT right» a CiUTcd line hfwfiiig np u a rdg»-*- 
From tlie same point drav towaids die bottomof the 
SUte a CurTfd line bendii^ to tbe i%bt hand.— 

Q.— HaTe jOQ done il ? Wk«l bfve jmdow ? 

From a point near die lover part étjoar Slate» 
eq[tta% dîÀnt from eachmdc^ dimw» to ii ai d i the tof^ 
ajCiunred line bcnding to the kftbmid. Ftom the 
same point dimv, tovards jonr left hand» a Corwed 
line hpndingdomwrard^É^ (c^ Fig^ S.J 

Q. — HaTe joa doneit ? What hare jon done ? > 
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From a point in the «q^per part of die right âde 
of tbe SSate diav, towsrdsyDor kfthand» a Conred 
line bendlng iqiwards. From the samepoint draw» 
toiraids the bottom of the Slat^ ilCnnrédlinebend- 
iflg to the lc& — (a, JKg. 9.) 

Q^r-Hareyon doneit? What hareyondone? 
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Prom a point in the lower pari of the left side of 
thé slftte draw» towards your rigbt hand, a Cunred 
Une bending downwards* From the saine point draw» 
towards the top of the Slate, a Curyed Une bending 
totherighU — (&9 Fig. 9.) 

Qr-rHave yoa done it ? What hâve you done ? 

Near the upper part of the Slate» draw a Curved h'ne 
bending downwards. From the right end of thaï 
linèf draw, towards the bottom pf the Shite, a Ourved 
Une bending to the left. From the left end of tlie 
Ime bending downwards draw^ towards ihe bottom of 
the Slate a Curved Une bending to the right hand«-^ 
(c, Fig. 9.) 

Q-^^Have yon done it ? What hâve you done ? 

Cônnect thelower ends of the Curved Unes bend<* 
ing to the right and left bands by a Curved Une bend* 
ing upwards. 

BTOTT?.— TiMiinetleeon Uito lait nguremajbemichTartod; aocor^ngat ymiH^ 
lin the Rgiin by «ny of tbe Curved Unes which OflDpoae It, andMXmttng m jott bcsl> 
•Édi Currtatei|lier«nd. 



" M 

SEC T. X 

Froin a point in the roiddle of the Slate draw, to»* 
wards your right hand, a Curved Une bending up- 
nards. Frv>ra tlie same point draw, towards your lefif 
handy a Curved Une bending downwards» (a, Fig. lo) 



< li y 

i).— Hare you doue ît ? Whal ium jrm dose î 

trom a point în the jniddle of the Slî^te ^av, 
t^ward» "your right hand, à Curved lin© bçjiding 
downwards. Froni the same pdint draw, towards 
your kft hand, a Cxtrred Kne bendîng' upwards,— 
ifi, Fig. 10.) 

Q. — Hâve you dope ît ? Wba£ bave you doue ? 

From a point înthe wriddle of ybur Sfate dtaw, 
tfo^vards the top, a Chived Htie bendinjç to the left. — 
Prow the s^tné point draw, towards the ^bottonl, a 
Curved line bendîng to the right. — (c, Fig. 10 ) 

Q. — Havcyou doneitP What bave you done? 

. From #. point ijQ the «liddle of tbe 'SInte dratv, t<K' 

wards the top, a Curved liné bending to the right.--^ 
From the sauve point draw, towaink tbe battont of the 
SèaCe, n Cur^etl Ime beihrfhrg to the teft. {d, Fig^, 10^ 

Q. — Hâve you donè Ft 7 WEat bave you done ? 

>rorjF.-^-FoT pfraût^e thèse Figurée nmy tben.be drawn beginnirg at tbe^ntf ia. 
)ilc4oi:ti«ttld fe; feSr iiMbnce, ^tk i 0'-^13ilnirs Curietfihie bending dtam- 
wartLs, .lidt ,>n, at Jierijjhl emioi it Jraw» tov^iauifi tbe v^Ë^t .'haMi^ «Giuv^liBir 
,^«nd)i^g m- w. idi } ùuxt poiliq^e, Vhen the Chîld*» hand aoqxiir«t expestUM «u4 fre^i 



( t9 I 

SËCT. Xï. 

f 

Draw a Curred Ime b^odsftg to the rîglit, béi^imtflf 

at either the top or bottom of the Slate, «nâ tûwai^â 
eithcr the bottoin or top. From the lower or upper 
end draw to the ether end, a Cm ved Une bending tq 

Beginning et ekher the right or lefl sfde oftbe slate, 
draw either to the left or to the f Ight, A CUrved Ihiê 
bending upwards. From either tlie* rîght or lefl end 
é4 é\e Ikic, and to the ôther end, druw a Curved li^ 
bending dôwnwarde. — (i, Ftg^, J 1.) 

* r 

Towards the io^ of y0mr iSiaie -dffiW a CiN^ed Ihré 
bending downwards. . Front the rîght end 4rf*Ahi«tine 
dînw, towards the l>ottom of the Slate> a CUrTed 
line bending to the rigiit. !From the ieft end of the 
linebêidtngdoFurniraids, dntw, to^vards the bottom of 
the Siate, a Cnrved line bencUfig t6 the Ieft. From the 
lewer end of tlte Curv^cd line^ bendifig to the Ieft, to 
t1 e lower end of the CiurYwd Kney bending U^ therighf^ 
draw a Curved line bending Upwards. — {Cf Fig\ 11.) 

RememberiiTg, iiiyariablyi to as4t the ^i)f6tîoii»»«« 
Haveyou done it ? What haveyoa d4»aft ? 



( to ) 

SECTXn. 
from a point m tbe centre of the Slate, dnw, t«- 



irarda the top • Carved Une beodtog to the rigfat 
(afcJRÇf. 12.) 

Ftom the saine point draw, towârds the top oi the 
Slate a Cunred line bendiog to thç leiL' 

From the Mme point draw toward$ tlie right éide 
of Uie Slate a Cârred Une bendiug upwards. 



Vrom tbe aame point draw, toward» the right 
of the Slate» a Cunred line bending downwardie 

From the same point draw, towards the bottom of 
the Slate» a Ciinred line bending to the right. 

' From the Mme point draw, towarda the bottom of 
tfie Skte^ a Curved line bending tp the lefu 

From the aame point draw, tow^dé tbe left hi^d» 
• Curved line^bending upwardse 

From the same point draw» t^wards the left hand» 
A Curved line bending down^ardi. 

Remembering, as before, to a&k the Questions-^ 
Ha¥c you done it ? What hâve you done ? 

Xor£r*When the Pu|iil liMpnotifed Citnred ïimt of «n iinUbni thkknf 
iPUrougfaouta beoaghttodnwtheminaadirKtioliSyfUttUkthtnUdkaadftw ai tb« 



f «l ) 

CHAP. IL 



HAtTKG thm Icarnt tobe tolerably expert in draiN 
ing Cunred Unes in any o( the four principal direc- 
tions, imd in combining thèse in any way that may be 
directedy the Pupil's next step ts the describing of 
Straight LineSi which hâve also been shewn to admit 
of Four principal directions, viz. HcrizontoljUprif/iii 
SlatUing to the Bightf and Slanting to the Lefi. 

&E C r. L-^VLÂtE lî. 



Draw a Horiaontal Straight. Line.«^ i?'i^. 1« 

Q«— Hâve you done U ? Wfaat bave you done f 

Above the first, draw another Horizontal line 
equal and parallel to tbe first.— ^, Fig. 1* 

Q.«-^Have you done ît ? What bave you done ? 

Above the second, draw another Horizontal 
Une equal and Parillel to the fir8t.-*e, Tig. \. 

Q. — Hâve you done ît ? What hâve you done? 

Above the third, draw aHother horizontal line^- 
equal and parallelto the fîrsû^-^ tig*\% 



On the right iide of this line draw anotliet 
SUnting line eqoal and parallel to the first^ 

bf lïg* 4fM ^ 

. On the right 6idé of the isecond line draw another 
Slanting Une equal and parallel to the first— c» Fig. S. 

On the right side of the third line draw another 
Slanting Une equal and parallel to the first--ci^ JF^. 8. 

On the right side of the fourth line draw another 
£Iantitag Une equal and paraUel to the first— «^^ FigJi» 

How do you distinguisb the ends of a Sh^iting Unf 
one from another ? , ; 

Which is the upper end of a Une Slanting 4own* 
wards froni' right to Icft ? 

Wiûch is ihe lower enc^of It ? 



oooo 






..Aê 'bocmi âs tlie Pupil càn deseribe Straîglit iLinàs 
WiÙï tolerablè facility, accordiiig to. the precèdii\{ 
ehapter, the next Forms to which bis attention shoula 
be directed:àre^i}^Z^5,'to wbkhtbe foUowing quesw 
tioizs areintrodttctory. 

aUJESTIONS. 

jDoyouknowwhat the. point îs oalkd irhere 6nè 
^raigbt Lîne meets another ? . 

Do youperceîve that when twolinesmcet thecô ïi 
41 bpace witkin, and a space •without them ? . 

Whicb ûo you caU mthin the two lines that meet{ 
the space on that side the lines where they-are nearest 
together, or wherç they are farthest asunder ? ' 

i 

The space then that lie^ within two Unes that ineet, 
dnd more especially the point where they meet, . is 
called An Angle. Shew me iwo things in the rôom 
thatm^ean Ai^Ie? 

Do the tep and the side pf ibe window make- » 
jLagle where they meet ? 

lYbatthéfi is^ an' Angle ?' 



t M 1 

^ Could yott shew tKUM^èilkr'Aifl^ in the tacm 
ihat meet and form aaAifgjk? 



an Upright luie mee^ a Hpraootalluil^ ^i|Mi lÛMl 

df an. Angle is ît caHod ? 

Angle l's fbrmed by an Uprightiine^mectiBg •» Hen^ 
2ontal one ? 

Is the sîde of tlic Fire-place an Upright line? 

is ifae topof k^ a Horizontal line ? 

Dotli^yfonn an Angle? 

fe îtVailed a rîght Angle ? 

Could you shew me two other Unes al^iit tbejooom 
ivbîch ine^t» «nd fbrm a Right Angle ? 

Do you observe where the two Bidesr q£ tb^r Bm^ 
meet in the Rîdge ? 

Dbthey form an Angle? 

Is ît a Right. Af^gïft ? • 

Is ît sharper or blunter than a Sight An^é ? 

_ \ . * ^ 

. Trti^^: it is iharper «han a Right Angfe. An 
Angle sharper, or less than «i^Right Angle, fs cciUed 
a Sharp, or Acate Angle. Çc^i^d yoùnairnssir. «t* two 
other liaes that meet in ai» Acute Angle ? 



l>o yôvt obêemil^ «b«fe the EMf of tbe ÎWuté 
Ôieets the Wall ? Do they form an Angle ? 

Is it a Right Angle ? 

Is it sharper or blunter than a Right Angle ? 

Teft, it » Blunta? tban a R%ht Angle. An Angle 
l>1unter, or greater than a Right Angle» is called a 
Blunt, or Obtuse Angle. Could you shev me t\vo 
otber fines that lAëët aitd &>ntt rni Obttuse' Atig\d ? 

What then do you mean by a Right Angle ? 

« 

What do you mean by an Acute Angle ? 
What do you mean by an Obture Angle ? 



I "» - 



SECT. t. 

* 

Draw an Uprîght line. — a Fig. ,Bi ^ 

From the /ower extremity of it^ drâv, toi^ards ifae 
Éîglit, a Horizontal Une. 

What sort of an Angle ^o thèse liiitesmake f 



Draw a Horiaéontai lirie.— Jj» JVg^ 5; 

Fjtora thé left extremity of ît draw, towafds Jfour 
USiy?^ Stà'Aighl Une slanting upwardh (romxï^ii to left 

What sort €>f aft A»gle da the$e two Kne« msk» 
one with anolher ? 






vrn :i 




mmm 







4lMMWMMM««PlMMMMMMnMMai» 



SJBCT.I— 



BeWyvr ît drmr anocber HoriaoBtal fine less dm 

^î^*^ ihe^^ ûrzw anodicr Hr«naoiital lni€^ 
t^r^iiiUr û^mt lÂe «etood and cqual to d^ firsl. 

B^^/ir tlM« àfMm anodbcr HorimtjilinelnBtluiB 
^ ^>i ma e^al to theiccond. 



• ^ 



( " ) 



Betow Ctiese di*aw anotber Horizontal Une, greatet 
than the fourth and equal to the first and thiriU 

How many greater Unes hâve you drawn ? . 

Are thèse three Unes equal or unequal ? 

How many lesser Unes hâve yoa drawn ? 

Are these^two lesser lines equal or unequaf? 

Kame which lines are greater and which Ica»» 



Draw s Horizontal Strai^ht line, — î, Fig. 10. 

Below it draw another, less than the fii-st. 

Below thèse draw anbther Horizontal Une, equal to 
Che second and less than the first. 

Below thèse draw another Horizontal Une less than 
the secoild and third and equal to the first. 

How many greater Unes are there hère ? . 

Are they equal or unequal ? 

How many lesser lines hâve you hère f 

Are they equal or unequal ? 

Name the greater Unes that are equal ta OHe 

another. 

»■ « 

Kame the lesser Unes that are equal to one anoth^]^. 






I>r»w liwâligr Hgtiwtnl lii» hàom and grcat» 

I) «Q il. 

JDrmw wolKer Hortiaotal lîne bdov tbe second^ 

gre^UHT tKa» biHK &r^ smI sccodiL 

Below iKe^e dm« m S^wrtJk Boftaonbl fine equal to 
Alt ihinU 

Beh>w ilm^ dmv m fiftti HoiiiMlil Hmtt^ tqui ta 

B^(sv ÛMSQi Uimw m mlAà I^wmwUl 

How siwy siae« ^ fiMft«rr tkmhiu ? 
Hov nuoi; UiM«^«f t%cli lingninwle ? 



Draw a Horbealat SUai^l Eikl — i, /%. 10. 
Bdcmâàs^ÂFavaiictlmr HortMAlailiiiecqpal to 



ÈoAt 



Belfiv tlwse, diaw uodfeer HotiaaHtel ftM^ cqaal 
toAedinrdL 



of Kbb aie tlme beie? AieAey 
mfularmmtqnl? NaM the fines tbal aie ««ni ? 



( »») 

SECT. IL 

DfRW an Uprigbt Straight line.-wi, Fig. IL 

To the left of it draw another Upright line» lésa 
than the first» 

To the left qf thèse draw another Upright linc^ 
greater than the second and equal to the first. 

To the left of thèse draw another Upright line lest 
than the first and equal to the second. 

To the left of thèse, draw another Upright line, 
greater than the fourth and equal to the first and thlrd 

How many greatèt Unes hâve yoti drawn ? 
Are thèse three Unes equal or un<;qual ? 
Hof^ many lesser lines hâve you drawn ? 
Are thèse two lesser lines equal or unequal ? 
Name which lines are greater and whîch lessy 



Draw an Upright Straight line.-^, Fig. IL 

To the left of tbis draw another, less than the first* 

ToL the left of thèse draw another Upright linei 
equal to the second and less than the first» 

To the left of thèse draw another Uprigbt line, 
greater than the second and thlrd & tiquai tç the first» 

r 

How many greater Unes are there bere î 



^^ tqiBiI pnrtk 



Dîvi^ tàe sccMfel lalFaf it dbKv br au pamt 



tnb^hfsm WÊamj farts Ime jon MirdcfUed th» 



Bj ÊÊÊm ■awr ponb 



xwmu 






tl$iam 



Vfhm a Kne U 'd!t!ded into dght eapu} parts wh«C 

$0*each of them calleil ? 

Which is the first eigbth ? . which is^ the i^eeond ? 
whict^ is the third ? whlch is thefourth ? which iBtb<^ 
fifth ? which îs the sixth ?. which li the se? eath ?^^ 
which is the eightK ? 



«M«M 



Draw nnother Horizontal Straight line below thç 
iburth equal to the first. — e^ Fig. 12* 

•Dîvîdè ît by two points into three ccjpal parts. 

When a linè is divided întb three equal parts what 

Where îs tlie first thîrd sî^uated ? Where is thé 
•QOand? Whfere is the thîtd ? 



MMMMMHIPMM. 



Draw another Horizontal. Straight line below the 
fiftb, ^ual to the first.-^ Fig. 12. 

.Diyide it by two points into three equal parts. ' 

Divide eachof thèse., thirds by- one point into t#a 
equal parts* 

A loto how mony parts h the whale ime divided. 

: l^how éiany points ? ' • ■ 

' Wlien a, line îs âîvided into six .ei^uol parti wba(Jt 
Mch of theim caHed ? a 



Whérels the first ûsxh sitoated ? whete h tkk 
tecond ? wherc is the third ? where is the fouîrth f 
where is the fifth ? where is the sixth ? 



Draw another Horizontal Straight Une bdow thé 
iixth» eqnaltothefirst.*— ^9 i%. 12» 

Divide it by two points into three equal parts. 

Divide each of thèse thirds by twojpoints into thre« 
tqual parts. 

Jnto how many parts is the whole Une now divided f 

By how many points ? 

TVhcn a line is diyided into nine parts what ia^iclj^ 
of them called ? 

Which is the first ninth ? which is the second 7 
which is the third ? which is the fourth ? Pwhich 
is the fifth ? which is the sixth ? which is tlit 
«eventh ? which is the eighth ? which is the ninth ? . 



«a 



Draw another Horizonuil Straight line below the 
ieventh; equal to the fiist.--^f Fig» 12. * i 

Divide it by four points into fiye equal partie 

Wheii a line is divided into five equal parts 'whfiC 
is each of them called ? Whereis the; £rst fifth jStn" 
Ated ? Where is the, second ? Whçrç is the thîrii ? 
Where is thè feimh ? W^ere is'tl^ fifth ? . , 



Drtfvr another Horizontal Scraight Line below the 
mghthf equal to tbe fir«t«-*-/> Fig. 12. 

« 

Divide tkis Une by four points into fîve equal parts. 

IM^ide each of thèse fifths by one point into two 
éqnal parts. 

Into how many âfths is the irhole Une now divided? 

By how many points ? 

When a Une i» divided into ten'eqnal parts wbat i«^ 
ttch of them called ? 

Wbere is the first tenth situatcd? whereisthe 

4 

ftecond? whereîs the third ? wbere is the foarth ?— 
where }& the fifth ? where isthe sixtb ? where is th» 
flUrenth ? where is tbe eigbth ? wbere h the alnth ? 
where is the tenth ? 



Draw another Horizontal Straigbt line below the 
ipath, equal to the first. — h Fig. 12. ' 

Diyive this line by six points into sçveil equal parts. 

When a line is divided into seven equal parts what 
18 each of them called ? ' 

Whéré is tbe first seventh situated ? wbere is the 
■econd? where is the third ? where is the lourth ? 
wbere is the fifth t where is the sîxth ? wbere i& the 
aeventh? • 

How do yott dinde a Uae into balres r 



( *o > 

I low do you dî vîde aliûe înto {3ânbs P * '^ 
Whnt do you do first ? what afterwards ? ' * ' 
Hov/ do yçu dividc a lîne înto eîghAs? -■> 

What do you do first ? ^hat next? whatlastry ? 
IIow do you divide a line into thirds ? 
Ilow do you divide a line into sixths ? 
What do you do first ? what aftenratds P 
How do you divide a line into ninths ? 
Whttt do you do first ? what afterwards f 
How do you divide a line into fifths ? 

How do you divide a line into tenths ? 
Whot do you do first ? what afterwards ? 
How do you divide a line into sevenths ? 

yorV^Tho leMOiM of thii SccMon thould be carefoUy repeated in tke dtHpidM. 
•r Ui«1gbt BLraiffht iJncfb roferrlng to a, 6, V, d, «>,/» «r> K «, k, Fig. 1 3, ^ho* 
St ti dconioti unneeo^sry to repeat Uiem hère in print ; and it «hoiild be iovajrk 
ai)!y rvmetnborod tbrougbbut, atier cach scpaiate operstikin» to fik t&e qoesti 
4 JÎatc jott dont ïi ?** " Wbat baye you done t^ 



j 



SECT. IV. 

Hear the left sidc of your Slate diaw a sboct; ^9* 

ïizontal Une. — Fig. 14^ 

Below this line draw anothereqnal to i4« ; 
To the right extremity of the second add «Hoti». 
SBontal Une equal to the firsti :, 



Bdlop diesr A»tw alHorisontal lioe «quai €o tb« 

wbole of tbe second. 

From tbcrîght extremîty of the tbirtl dmw, to- 
wards tbe rigbt, a Horizontal Une equal to Ui« 
•ecpnd. 

Bclow tbese draw a Horizontal Une equal to thç 
wbole of the tbird. 

From tbe rigbt extremîty of tbîs lîne draw, towards 
tbe rîght, a Horizontal Une equal te tbe wbole oi the 
tbird. 

How many times tbe first of thèse bnes ^is tbe 
tscond equal to? 

How many times tbe second is tbe tbird equal to ? 

How many times tbe first tben is tbe tbîrd equal to ? 

How many times the tbird is the fourth equal to ? 

How many times tbe second tben is tbe fourth 
eqiial to ? 
And how many limes tbe first is tbe fourth equal to ? 

KdTV.'-Thc ExeKiie of tfals Section sbould l]e rt|ieated upcm Uprijht Straight 

Lines, 9iMïïiTig. 15* and «ly questivtx addAd thot fuggest themtelves Uy>tbe 

bstructor, towaids making the Pupil f^illy comprehend every relation betWeen 

Hieir magnitudes* BtBiegnibeiiQg as beforc, the oonatant u'e of tbe qiwttiQQfr^ 

*^HaTe you done Hf*?**^ ** Wbat bave you d(Nie?**after eacb openti<xi. 



SECT. r. 

Towards tbe upper part of tbe Slate draw a pborft 
Straight^line.— JR;g:, 16. .,. 



X m ) 
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« 

.Bebwibii first liiie draw a HorkK^ntal lixïé -eq^al 

to it. . ^ 

To tbe riglit extremîty of thîs «econd» add à Hoti-% 
jiontal Une cqual to the first, " 

To the lèft extremîty also of the second add a Ho- 
irîzontal Une equal to the first. 

Below thèse, draw a third Horizontal Une equal to 
the whole of the second. 

Tothe rîght extremîty of thîs Uneadd apart.cqtiâll 
to the first. 

To the lefi; extremîty of tliis line also add » pat* 
4Kjual to the fir&t. 

3eloy.' thèse, draw a fourth HoriaK>ntaI Une, t qail 
to the -whole of the third. 

To the rîght extremîty of it add a part equal to 
iîiè first. 

To the lea extremîty of ît add a part eqttal tq th# 

Bclow the fouTth Une draw^ fifth _ Horizonld Um 
#qual to the third^ and placed îmmediately under it. 

Below the fifth draw a sixth Horizontal Une equal 
to the second, and placed immediately under it. 

B<4<$W the sîxth draw a seventh Horizontal lin* 
«quai tx) the first, and placed immediatcly under it. 



,-j 



Maâi ail the Hues, ^ith points» into parts eqtûl to 
i}^e first linau 

How tnainr timcs : the /first XhtUy îs tlie i^Deoli4 
cqual to ? 

^ Haw mKdbk dpet» th<r second ezèieed the first ? 

How màny times th« first linc h the third lin» 
«quai to ? ' ^ ' • ^ 

How ninçh tben dc^s tbe tblrd line excccd ihê 
*rst? 

How much does the thIrd Une exceed the second ? 

How jnany timés the fiist line is the fourth line 
sçqual to.?v . 

How œach then docs tbc fourth Une exceed Um 

#r6t ? 

j • ..... 

. How rouçh does the fourth line exceed the second? 
'■' How mudi docs the fourth line e;3cceed the third S 

Is theie any line io which the fifili îs eqiKil ? 
^' Is therc any line to which the sîsth is equaP' 

' Is there any line to which the seventh is equal ? ^ 

VOTM^^Tbi» lÊxanSêe «houldaiio he repeatod w^th TJjpîdght fltraight Li««B, m 
ia Fig. 1, 7, ând wy ■âeUtjU>pak queitioaf xosj teMàad ^j tkêttmBhu,x 



« 

ÇHAP, V. 

■ Il ■■ é I ■ 

•".The Papîl havirig1earnêd,'întîieforegoîng Exer- 
cises, accuratcly to draw Horizontal and' Uprîght 
Strajght Linef^/and to àmAe Ibom, exaetly, into any 
number of parts, ss far aa tcn, çiay |ïow prooeed' to 
describe the Forms contain*»d in the First TaUe» pre^ 
paratory to considering their Relations. 

SECT. t 

t^eeSm, u tf» S* 4, 5> 6» 7f 8> 9> 10* lUkOkm <tf Rfnth ^ÊiaUe L^f 

. On tbe left hand side, near the Upper part of your 
Slâte, draw a short Horizontal Straight line. 

Below it draw another Horizontal line equal to 
twkre tbe first« 

Divide tbe second line by oae^ prânfe înto tiro equal' 
parts.. 

Below tbe second, draw a third Horizootai liae 
equal xo threetimes the first. 

Divide it by two points înto ^three equal parts» . 
Below the third Horizontal line draw a foorth» 
iqual to four tim^ tbe first. 



Dîvîde il by three points intb four equal parU.* 

Below the fpuhh. Horizontal Une draw a fifth, tlop9^^ 
k> five tîmcs the first. 

Divide it by four ppîntain j five equal parts. 

Below tlxe fifth^ draw a sixtk Horizontal Hne, eqiial 
to six times the first. 

• . * 

Divide it by five points into six equal parts» 

Below the sixth, draw a seventb Horizontal Une 
* 'equal tb sevën limes the first. 

Divide It by six points into seven equal parts* 

Below tbe set enth, draw an eighth Horizontal iine 
CQUal to ^ight times the first, 

Divide ît by séven points into eîght equal parts. ' 

Below the eighth, draw a ninth Horizontal Iine 
ciMq(bal to nine limes the first. 

Divide il by eîght points into nine equal parts. . 

Below the ninth draw a tenth Horizontal îiite^ 
êqual to tën limes the first. 

Diyide it by nine points into ten equal paits. 



This Exercise should thcn be repeated with Uprîght 
toft^aJghtlineVafe in Nos: 11, 12, 13, 14, 15, 16, 17, 
4SrlM0, of the First Table of the Relation^ of Form«. 
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Tlie Relations oft hése Lines and their partSi s^onlif 
Ihen be eonsidered asgiven in tfae Six First Sections 
of ihe Relations of Forms^ in applyiug whicUi Quet* 
lions iike the^foUowing may be used : 

0/ — Nanie. the Horizontal lines for me. 
Q.— Which is the first Horizontal Une ? 

WOTE^ln asnOog Horisqntal Que* Amafbê w%ll, «i a gUMnlna»t9tw9ifê 'tB#rii 
fkeoppeniMMt lifiet3ie tfnt, and in life» nianaoc ia Upii^ht Una», atarifa law l l i »! 
UM ncKt Oie leftbaii4tta fiai. 

Q. — Which îs the second Horizontal lîne ? 
Q, — ^Wbich is tbe third Horizontal Une ? 

Q.~Whîch îsthefourth? which is the Fifth? 
whîch îs the Sîxth ? which is tbe Seventh ? whîcli 
h the Eîghih ? vhicH is the Ninth ? and vbick 
k the Tenth ? 

Q.—.Which is the First Uprîght Straîght Lîne? 

Q. — ^Which is the Second Uprîght line ? whjck 
h the Third ? which is the Fourth ? which is th« 
Fifth? whîchisthe Sîxth? which is the Seventh? 
whîch is tiie Fiighth ? whiçh îs the Ninth ? and whicit 
il the Tenth ? 



(See Belatioiii of Forau, Sect-tf, F»^ f ^ 

Q.-r Which is the longeftti tbe Fhr^t. or tbe* Seo^ml 
Horizontal Une ? 



o.^ 



l 
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Q.'-^What lîn«ft are fonger than the PoMth hoi% 
aontalCne? 

Q~What Unes arg Aorter tlian th^Fourth hori- 
dontal line ? 

Upngbt line ? 

Q.—What Unes are shorter thari the Serenth Ub- 
«ghtline? ^ 

Q*— Is the First horizontal line divîded 7 

Q— .Is the Second horizontal line divided ? 

Q. — By how mariy points ? 

Q. — Into how many parts ? 

Qi^-^Is tbe First Upright line dîvided F 

Q-- ^Is the Second Uprîght Une dîvided f 

Q.~By how many points ? Into how màny parta? 

Q.— How many points are necessary to divide a linf 
intotseyenequal parts ? 

Q.— Whén a line is divided ly fcw potatâ înti» 
l)pw ouii^,fai#û it c«t? 
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Q^^When à Horizontal Une is divi(fiedii&ll» tM% 
«quftl .partSf:wbKt is each oi 4|içpQi cajliWd t? *; 

Q.— Where 18 the Fîrst half sîtuated? 

Q.^Wherc is the Second half kiuai&ï ? 

Q.— How many halves do the whole jinacont^n? 

Q.-^When a horizontal line is divided^.iailo tbiW 
^«qiial parts^ what is eAch, oiT thein csJled? -. .y 

Q.—-Whis]reis'tli€i First third.ûtnatcd?^. . . *- 

Q.— Where is the Second third sîtuated ? 

Q.,-Where is the Third third sîtuated ? 

Q — How-many Thîrds does the whole line contaîn? 

. •' • ' *" ' ^ 

Andsoon'mîth the vari(ms,^(fTis.ofthe Gther dvMed 
Unes both Upright and Horizontal» 

NOTB.'^Vfhtn • Hoiiionta] Une it^vkted it U usual to begln numrieBlly toiuoie 
Hie perte from letUo rigb^ afafl oÇ l?fr^tf » jj>wg^ U9<>iÎFPip ^»JUt lL w uui <^) • 

* 

HowinanywBys i^^a^^hi. |at^ od^-lirtii^ of)tht 
Fourth line? • . ' .> " 

Q,-— Name where each of them îs sîtuatQcî. ^ 



I # f * » x 



^.Q, — Howmany ways can yott^tiJœ.itpro^fimifthitdP 
the Fourth L'ne? •-. n p i* .'/-«,0 

Q.^--WherearetbeyresilècébrdljiiiiîtHâ^iK!:^^^ li 



( 49 ) 

j,— How many ways can you take three-fourthg o f 
he fuurih Une ? 

. — Name their situation ? 



Q. — How many ways çan you take four-fourths oi 
the fourth line ? 

. — Where is it situated ? 



NOTE-"The manoer of expresung thèse oompound partitiona of (he serend 
lises k given in the Fourth Section of the Relation! of Fonna, and obould be 
npeated at fiiU Icugth upon every Une, both Upright and HorisontaL 



(See Rclationi of Fomu, sèct. 5,> Page 19.) 

C^ — To ^'hat part of the second horizontal line is 
the first equal ? 

G(. — To what part of the third, is half the second 
equul ? 

C^ — To what part of the thîrd is the whole of the 
second equal ? 

Q^ — To what part of the fourth line is two^thîrds 
of the third equal ? 

Q^ — To what line is one-fourth part of the fourth 
line equal? 

Q^ — To what Une is three-fiflh* of the fifth Une 
equal? 

Q^ — To what line is four-sevenths of the seventh 
line equal ? ^ 
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rrT^ ^^ât Une îs five^îghts of the çigiUh Ijtie 

^equal ? 

Q^— To what line is sîx-nînAs of the nîHlh lihe 

equal ? 

•■ -■ - « ,. 

^L— To what line is sevçn tenths ofthcf^tcfcth linrf* 
equal ? 

^OTS^Thû whole RriyteBce^ir the 5th and c^ Seetiou, of the tMaBSSSFte 
Famu » thould Jie fep^stfed io Questions Uke Ibe above, unta everj poisODle t^kSaïf 
whieh thé parts oConeiliie taeaf to tha parts of ^nothcr, M aedbifeâ/^)lfifl^iy)r 
^nd iMpriafied, witliout oonAiaion, on the mind o^ the PupiL 

CHAP. VI. 



SECT. 7. 
^ <aeê Fint Tabteb Flf. fi i .) ^^ 

Q. — Draw a horizontal straightline. 

C(^— Draw another horizontal line Wow ît, parallel 

to the first. 

- ' ' • * - 1 ■ 

Ô^— Why is the first of thèse Uiïes pafalld to tfae 

fécond? ^ / ' 

mmmhhmmm 

\ 

(See Fint Table, Fig. qq,) 

Q^— Draw an Uprîght Straîght Une. 

Q^.— Draw a 'second upfîght straight Une tV ttHr 
jnght hand sidè of the first. 

et -^Why are thèse Ultes parallel to one* «ftft^^' 
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sect.il 

Q^ — Draw a Horizontal Straîght Une. 

j^ — From tbe rigfat extrexnity , of it draw an Up- 
right straight line below ÏU 

Q^ — What sort of an angle do thèse two Unes ihake 
one with another ? 

Q^ — How wonld you name the sides of this an^le ? 

C^ — What line forms the horizontftl side of th^ 
angle? 



"C^ — What line forms the upright side of this 
angle/ 



V '^z- 



(See Flnt Tdie, Fig. 04.) 



Q. — Draw a Horizontal Straight Une* 

Q.— Dîvide it by one point înto two egual parts» • 

Q^ — ^Draw an Upright line from the point of divi* 
oion below.the horizontal line. , 

Q^; — What angles are formed by thèse Unes ? 

* 

, Q^ — By how many Unes are thèse two angles 
formed ? * 

Q. — Which would you call thefirst ansle.? 

q; — What fo^ms the horizontal side of the Jrst 
angle r 



Q^— What forms the Upright side of tliQ first 
angle ? 

Q.— Which îs the second tight angle ? 

Q^ — What forms the horizontal iide of the second 
right angle ? 

Q^ — Whatforms the upright side of the second 

right angle ? ' 

Q^ — When the same Une forais a . side of two 
angles at the^ sanie extreriiity of it, what, are those 
.angles called ? 

Q^^ — What is the point of the two angles called? 

NO r^^- For the answe» of theabove questions, Sce the explaostioa oC F^ll 
t i and '2 5, Page 2 Q, of the Rtilatious of Forau. 



s. 
CSeeTirit Tajde, Fig. 2 6.) 



Q^— Draw a Horizontal Straight Une. 

Ç^ — Divlde it by one point into two equal parts ^ 

(^— Draw an Upright Straight Une equal to half 
the horizontal Une, above the point of division. 

Q^ — Draw an Upright Straight line from the point 
of divisîjn below the horizontal line, and equal to 
halfot it. , 

Q^—iHow many right angles hâve you formed hère? 

Q^ — Which is ths first right angle ? 
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Q^ — What {iartof the horizontal line forms^ lb«' 
horîzjiitul side of the first right angle ? 

C^ — What part of the upright line forms the up- 
right side of the first right angle ? 

Q^ — Wliich is the second right angle ? 

Q^ — What part of the horizontal line forms tlie 
horizontal side of the second rigbt angle ? 

Q^ — Whaf part of the iipright line forms the up- 
riglit side of the second right angle.- ; 

iQc — Whioh is the third right angle? 

Q^ — What part bf the-horizontal Une forms the' 
horizontal side of the third right angle ? 

Q^ — Wliat part of the upright line forms the up- 
rightsideot the third right angle ? 

C^ — Which is thcrfoiirth rightangle?" 

Q. — What part of the horizontal line forms the-* 
horizontal side of the fourth right angle ? 

Q. — What part of the upright line forms the up-- 
right side of the fourth right angle ? 

Q. — What angle is opposite to the farst right angle? 

Q. — What angles are adjacent to the first right 
nngle ? 

Q — What angle is opposite to the second right t 
' «ngle ?■ 
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Q.--rWhat angles are adjacent to these^iûdd rigfat 
anfl[le r 

yOTS^^For tbe^inswentoUicyw Jiueftioni» Seethe «qJanatiott of Flg.' f S 
•Pagt ii\ , ôf tbe Retotioni ôf FÔims. 

(sràFÎrit T^iibls, FÎg. 27.) 

Q. — Draw a Horizontal Straî^fet lîne. 

Q.— Abr^ve tlie horlzbi^tal line. from eacH extre* 

Il ■• ' > 

mity of it, draw an Upright linc equàlto it. 

Q. — Join tHe extremitiës oFthesé Uprîght linei 6y 
a horizontal Une equal to the flrst. 

Q. — Whai is thdt figure called ^ 

Q— How màny sîdes hâs it ? 

, Q. — How would ybu distingulsh tnem one fiom 

anotber? 

« 

Q.— Hbw màn jr uprîght sîrfes lias ft ? . ' 

Q. — How do yôu dislihgùisn them biïe ïrom 
another? 

Q. — How many rîg%^ angles nas this ïîgiire r 

Q — ^How'cfôyou distir^îs^ i&êmkmelrromànotîier? 

15. — Wlbéreîs Itne ïïrst rïghl angle sîtùàtiea ? 

Q — What line forms thé horizontal side of it ? 

Q.— Whât Kne forms the upright side of it ? 



(5,-LWfreî-e îs thè èëtbiid rigHt angle sîtuatëd'? 

"tQi-l^tVhàtîîiie forriis thè horizontal sîde of itr 

Q-^Whatline'forms the upright side of it? 

Q.— ^^here is thé third right angle sîtuatcd ? 

Q.,— -What Une forms the hotisoUital «ide of it ? 

Q.— What liile Ibrms the upright sidb of il ? 

Q.— WheVe îà the fourth righl aiiglê sîtûàted ? 

Q. — Wl)at line forms the horizontal side of it ? 

Q, — What fine fornis 'Û\c upright side of it ? 

Q.^-^At'Àhich extrernity of theârst horizontalline 
is the iirst rtghl ài^Ie sittiatfe ? 

Q— At wftîcii èitreniîfy à.Ûie Hrght tlii)rîght \me 
is the third right angle situated ? 

Q.— Poïht bût therîgWt tower angle of this squate ? 

Q, — Fotnt out the left loVeV angle of this square ? 

Q, — Point out the right vpper angle^of this square? 

Q, — Point out the left uf^er angle of this square ? 

jrOT£.—For ezplanatlon of this Figure see Fige 2 i^, of the RebtiaDi of Fozpit 

(Sée flrst l^le, Fig. 28-) 

Q.4-DràW &n l^right Sti^igfat line. 

pét eTétiiin'îty oï it, 'toif^Sk mVlgVt ^«èd, %qukl ti5 
half the Upright line. 
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G^ — From tlie lower extremity of the upright îine 
draw another Horizontal Une towards the rigUt haud, 
•qnal to t'ie uppcr one. 

(b^ — Join the righf extremity of tlicse tv^'o Iiofizon^ 
taliines by au upright straight Iine.. 

Q^-^WJjat.U;this fi,<i,-urie calJLpd ? 

Ç^— Hov*' rnany sidus Ii;is tkis figure ? 

Q^ — How niany horizontal sides has tliis figure? 

Q^ — Howinany upriglitsideshas it? 

Q^ — How many right angles has it ? 

Q^ — Wliat s ides of it are equal to one another ? 

Q^ — How many equûlsidtsmiut. a square hâve? 

Q^ — What then is the dificrence betw«en a rect* 
angle and a square.. 

NOTE^-The Kelçtionr of the fiides and Angles of the Oblong or. Rectangle» < 
lAay thcn be dsacribed the saine as of the square ; (See the explanation of Figure 
2 8» Page 2 4, of the Relations of Fonns ;) nor hasltbecn deemcd aecèssary to • 
l^eaceparate détail for describing and ccmsidering the Horizontal Rectanglfr 
laFig. 2 9.. 

CHAP. VIL 

^ 1 

TiiE PùPîL.Kaving learned in the last Section of 
the foregoing Chapter^ to draw S :;uares and Rect- 
angles, now proceedâ to describe and divîde succes- 
sively, the three îines of Squares, marked Ist^ 2d. Sé^ 
on the Table, begînning with those of the.fir&t Iine 
which are Horizontâlly divided» 
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SECT. L 

(8te FUit Ib» «r €qiûrei on the FiiM Table iâ Ù» IMattolM of Fotnf.) 

C^j — Draw a Horizontal Straîght line^ 

Q^ — Divide ît by eight points into nine oqual parts* 

Q(^ — From each of thèse eight points of division, 
and also from the beginning and end of the line, dravr 
an Upright Straîght line àbove tlie horizontid line, 
équal to one-ninth of it. 

-Q. — Join theupper extremities of thèse upright 
liiies by horizontal lines ? 

^ ^ — How many sqaares hâve you thus formed ? 

Q^ — Which is the first square? which is the 
second ? which is the third? which iâ thefourlh ? 
which is the fîfth? which îs the sixth ? which \h the 
fceventh? which is theeighth? which is the ninth ? 



Q^ — Divide each of the upright sidos of the first 
square by one point into two equal parts. 

Q^-^Join the points of division by a horizontal 



atraight Une. 



^ \' 



G^— 'Divide each of the .upright sides of the second 
square by two points into three equarparts. 

Q^ — Join the fii»st point of division orf the left 
upright side Vo the first point uf division on the riglit 
sipright i^idcy by a borizoutal line* 
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Qj — By how many Unes ? 

Q^ — Into how many horizontal rectangles is the 
. pecond square divided ? - . 

- Q^ — By how many Unes ? 

Qj — Into how many h<jrIzontal rectangles is the 
third square divided ? 

Qj — By how many Unes ? 

Qj — Into how many horizontal rectangles is the 
fourth square divided ? 

Q^ — By how many lînes ? • ' 

Ç^ — Into how many horizontal rectangles is the 
fifth square divided ? ' . 

QJ^ — By how many lînes ? 

C(^ — Into how raany horizontal . rectangles is the 
sîxth square divided ? 

Q^ — By how many lincs ? 

Gt^ — Into How many horizontal rectangles is the 
seventh square divided ? 

Q^ — By how many lînés ? 

Q^ — Into how many horizontal rectangles is 4he 
_ eîghth square divided? 

Q^ — By how many Unes ? 
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^.--«Intolïôwtxiany horizontal, rectangles is th« 
ninth square diyided ? 

^ — By how many lînes ? 



JWr£.—The aboVe sfaoïiM be repeated througbout ihe second Une wMch cou* 
at Squartf divided by Ppright lioes, and tbe Fùfdl biring- pncUfed Ae 
dnwîBg and diTîding tbe aouares in the first mstance, may (to «are tûneVanawcc 
4lie qiieitioBi of tlie fc lfci wiu g McOoM on tiie Trtil^ or by 4eicriblnK -cnlj two 
mqpMMxe»Uà Urne. 



SECT. II. 

(See Relations of Forœs, Page 2 7 •) 

Q^ — Irito trow Tnany eiqual parts is the Ist Bqaare 
of the first fine Aîvided ? 

C(. — What iSgore is each of the parts ? 

Q^— Wbat part of the square is éàch of the partsT ? 

Q;;— Intohov- Tnany equal parts îs the 2d square of 
the first line divided ? ' 

Q^ — What figure is each of the parts ? 

0^ - What part ôf the whole square is one of thèse 
rectancrles ? 

^ — Wliat part of the whole square îs two bf thèse 
tangles ? .' . 



^ — 'WTiat figure does two o{ thcse rcclargle» 
taken together form ? 

Qj— How many bf ihese rectangles make ûp tbe 
whole of the second square ? 
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Q^— Into how many equal part&^s ihe Sd sqoare'of 
of the first Une divided ? 



;;— What figure is each of the parts ? ' 

■• 

€(.— ^Whatpart of the Vrhole square is^one of thèse 
rectangles ? 

C^— What part of the whole square îs two of thèse 
rectangles ? 

• • 

Q^ — What figure does two of thèse rectangles taken 
together form ? , - 

Q^ — What part of the whole square îs.threc oF 
thèse rectangles ? 

C^. — How many of ihese rectangles mahe up the 
whole of the third square ? ' 

Q^ — Into how many lequal parts îa the é-th square 
of the fîrst line divided ? 

C(. — What figure is each of' the parts? 

Q^ — What part of the whole square îs oneoftbes* 
rectangles ? - 

Q^ — What part of the whole square îs two of thèse. 

rectangles ? t^ 

C^— What figure does two of thèse rectangles taken , 
togelher form? 

C(j—Whatpart of Jthe whole square isthree of 
thèse rectangles. 
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» 

Q^ — What part of the whole square \& four of thèse 
rectangles? 

C^ — How many of thèse rectangles make up the 
whole oi the fourth square ? 



Q(^ — Into how many cqual parts îs the 5th square 
of the £rst Une dirided ? 



— What figure îs each of the parts ? 

Q^ — What part of the whole square is one of thèse 
rectangles ? 

Cti — What part of the whole square, îs two of thèse 
rectangles ? 

Q^ — What figure does two of thèse rectangles taken 
(ogether form ? 

Gtj, — What part of the whole square is thcee of 
thèse rectangles^? 

Q^ — What part of the whole square îs four of thèse 
r^tangies ? 

Q^ — What part of the whole square i%^five of thèse 
rectangles •* 

Q^ — How many of thèse rectangles make up the ' 
whole of ihe fifth square ? ^ 

Q^ — Into how many equal parts îs the 6th square 
oi the first Une divided ? 
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Q^ — ^Wha^ fi^re is ^cb of Ae parts ? 

Qj — What part of the whole square is one or^eM 

rectangles ? 

Q^ — Whàt part of the if hoie square ia iwo of tbei» 

rectangles ? 

Q^ — What figure does twa çf thèse reotangks 
taken together form ? 

Q^ — What part of ibe whole square is three pf 
thèse rectangles ? 

' Q^ — What part of the whole square is four of thèses 
rectangles ? 

C^ — Whal part of the whole square îs fivç of thèse 

rectangles ? \~ 

Q^ — What part of the whole square is six of thesQ 
rectangles ? 

C^ — How many of thèse rectangles makp up .tli(^. 
whole of tlie sixth square i* 



-T" 



Q^ — Into how ïïiany equal parts is the 7th square 

jcf the firat liné divided i ' 

Q^ — What figure îs each of the parts ? 

- Q^ — What part of tha whoie square is one of èl^se 

rectangles ? 

€(:,— Wliat part of the whole square is two of thcsa 
i;éctangles ? . , * 
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C(.— Wbat figure does two of thèse reet&ngle£h 
taken together form ? 

Q^ — 'Wfaat. part of thé whole 8()ii«re is three of 
tJif se rectaufflefe ? . - ^ 

^ Q^— What part of the whole square is four of thèse' 
rectangles ? 

Q^ — What part of the whole square is five of thèse 
rectangles ? 

Q^ — What part of the whole sqilare is &ix of thèse 
rectangles. 

Q^ — What part of the whole squate îs seveir of 
thèse rectangles ? 

Q^ — How niany of thèse rectangles aïe equal tù 
the whole of the seventh square ? 



'Q^-^Intohow many equal parts is the 8tfi sqoàre* 
of the first line divided ? 

Q^J — What figuré is each of the parts ? 

G^j— What part of the whole- square is oneof thtfse 
rectangles ? 

Q^— ^hat part of the whole square is two of thèse 

rectangles ? 

C^.— What figuré doe& two of thesé réetan^W 
taken together forni. 
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Q^— What part of the whole square is*tbree of 
thèse rectangles ? 

Q^ — Whatpartof the whole square is four of thèse 
rectangles ? 

Q^ — What part of the whole square is five of thèse 
rectangles? 

C(^— What part of the whole square îs six of thèse 

rectangles ? 

s 

Q^ — '^^hat part of the whole square isseven of 
thèse rectangles ? 

C^. — What part of the whole square is eîght of 
thes^ rectangles ? 

^ Qr — ^^^ many of thèse rectangles are equal ta 
the wliple of the eighth square ? 



Into how many equal parts Is the 9tb square of the 
fii'st Une divîded ? . , ' 

Q^ — What figure îs eacb ©f the parts ? 

'h.Q^^ — What part of the whole square is one.of thesA 

rectangles ? * * , 

C^'-'Wbat part of the whole square is twoof thèse 

recianj^les ? ' 

Q^^What figure ^does two ^f thèse rectangles 
taken together form ? * 
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^•— What part of the . whole square is thrw of 
- thèse rectangles ? 

Q^— What part of the whole square is four of 
thèse rectangles ? 

Q^— What part of the whole square is five of 
thèse rectangles ? 

Qj— What part of the Vhole square is six ot thèse 
rectangles ? 

_ ff 

C(^— What part of the whole square is seren of 
tl)ese rectangles ? * . . 

Q.— What part of the whole square is eight of 
the&e rectangles ? 

Qj— What part of the whole square is nine of thèse 
rectangles ? 

Qc — How many of thèse rectangles are equal to 
the whole bf the ninth square ? , 

SE C T. lU. 

(For answen to the foDowing Quettions, See Relations of Forau, Page 50^ 

Q^a^Shew me on the first line of squates whpre 
you hâve a square divided horizontaily into two equal 
rectangle» ? 

Qi — Shew me where you hâve a square divided 
horizontajiy into three equal rectangles ? 

KOTBr^ttmeiatA t#o questions sliouU be rei^estedon oommendnf tike •«#> 
ysuieon of eech aew pair of squaiei» 
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Q-r-Wliich îs greatc^stj one of the Iwo fectnn^es 
into which thefiist square is divided,'or one of tbè 
tbree rectangles into which thesecôn^ i$ divided ? 

Q^ — Which îs greatest, two of the rectangles. oF 
the s^comLsquare or one of. thp first ? . 

Qj — Which is greatest, t ivo rectangles of the first 
or two of the second ? » 

,C^—How many rectangles of thé second square 
are equal to the whole of the first ? 

Q^ — Which îs greatest, one of the three rectangles 
into whiçh the second square of the first lihe^ is divi- 
dedj or one of the four rectangles into which the 
Hiird square is divided ? 

(^ — Which is gréâtes^ two of the rectariglcs of the 
ihird Square or one of the secand ? 

Q^ — Which îs greatest, two of the second or t^^0 
of the third ? 

<^-^Which is greatest, three of the third or two or 
the second ? ^ 

Q^ — Which is greatest,- thrée of the second or 
tiirçe of the third ? 

Q^ — ^How many of the rectangles of the third 
square are equal to the whole of the second ? 

Qj — Which is greatest one of the four rectangles 
into which the third square îs divîded, or one pf the 
five rectangles into wliichtUe.4tIr square is divided ? 



' f 



I 
/ 
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C^— Whîch îsgreatcfit, two rectangles of thefburth* 
^uare or.one of the thiid? 

iS^^-^Which ib greatest, two of tbe thîrd or two of 
the tburtk ? 

Q^^-«^Wbîch ia greatest, tbree of tbe fourth or tWo 
©f the tbird ? ^ 

Qr— Wbicb is greatest, tbree of tbe third or tbrea 
cf the fourtb ? 

C(.-^Wi>ich is greatest, four of the fourth or tbree 
of the thîrd? 

Q^ — W hicb is greatest, four of tbe thîrd or four of 
tbe fourth? 

Q^ — How manj rectangles of tbe fourtb square aro^ 
•quQi to tbe wbole of tbe thîrd ? ^ 



Q^ — Whîch î« greatest, onçof tbe fiv© rectangle! 
înto iiv'hicb ihe fourllï s(juare is^livided, or oiie of the 
eîx lectangles into whith the filth square is djvided ? 

Q^ — W h ich îs greatest, twootihe rectangles .of 
. the fifth square or one ol' the fourih ^ 

Q^ — Wliich is greatest, two of the fourtb or two 
of.thefifih? 



Q^ — Wliicb is greatest, tbree of the fifth or two 
of tbe fourth ? 

Q-— ^Which is greatest, tbree of tbe fourtb or thrce 
•ftbefiftb? 



V , 
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Q.— Whîch M grcatest; four of the fifth or tfare» 
of the fourth ? 

Q^— Which is greatest, four of the fourth or four of 

the fiith ? ^ . 

Q^ — Which is greatest, five of the fifth, or four of 
tlie fourth ? 

6^ — Which is greatest, five of the fimrth or ftve of 

tbehfth? 

Q(^ — How many rectangles of the fifth square are 
egual to the whole of the fourth ? 



C^Which is greate^t, one of the the àix rectangles 
into' whieh the fifth square is divided or one of the 
fieVenth rectangles into which thesixth square i« 
divided ? 

C^ — Which îs thé greatest, two of the rectangles 
ci the sixth square or one of the fifth ? 

Q. — Which is greatest, two of the fifth. or two of 
the sixth ? 

C^ — Which is greatest, three of the sixth or two 
of the fifth? 

Q^ — Which* is greatest» three of the fifth or three 
of the sîxth ? 



. — Which isgreàtesti fourof the sixth or three 

oT^^e fifth? 
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d[.— Which i& greatest} four ot the fifth OY four ol 
the sixth ? 



*^ — Which is greatest, ûve of the sixtli^or four of 
the fifth ? 

Q^ — Which is greatest, fiveof the fifth or five of 

the sixth ? f 

Q^ — Which is greatest, eiz of the sixth er five* of 
the fifth r^ 

Q^ — Which is greatest^ six of the itfth or six of the 
BÎxth ? 

C(^-— How mnny of the rectangles of the sk 
square are equaf to the whole of the fifth ? 



Q^—- Which is greatest, one.of the 8<>^en rectangles 
into which the sixth square is divided or onp of the 
eight rectangles into which the seventh square ia 
divided ? 

Q^— ^Which îç greatest, two of the rectangles of 
the seventh sqnare or one of the sixth ? 

Q^ — Which is greatesr, twj of the^ixth or two of 
the seventh ? 



. — Which is greatest, three of the seventh or 
two of the sixth ? 

Q^— Whicli is greatest, three of the sixth or three 
of the seventh ? > 
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iE^Wiiieli togreatest, four of £te sixâibrthreeor 
thé seventb ? 

<a(^ Wbkli k greatest, fire of thc serenth or foar 
of the sixtb ? - 

C^.-^ WUch isgrûàtesl) five rf the •«xth or fire of 
the seventb ? 

€t:r-Which fegneate^ «x<#f the setenth or five 
of the sixth ? 

^t-^-'Wliich iB||«ie8te9t, aîx^f flie sîxth or six of 
the serenth ? 

^^Whîch is gf eatest, seven of theseyenth or six 
of the sixth ? 

€(. — V/iiich is firreatest, seven of the sixth ^or sevçn 
ef the œventh ? 

et: — Howniany rectangles of the seventh square 
"are equal to the whole of the sîxth ? 



Q^ — Whîch îsgreatest, one of the eîght rectan- 
gles iiito which the seventh square is diviiied or one of 
the ninc rectangles into whîch the eighth square is 
dividcd ? 

C^ — Which îs grôate^t, two rectangles of the dghth 
square or ône ot the sevenih ? 

Ct^— Which isgreatest, two of the seventh or two 
of the eighth ? 
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Qî^'Vriudiûgreite.t.three of the dghtli or t«o 
of the seventh ? 

C(^ — l^bich is gréâtes^ three of die ^seventh or 
Ibree of the eighth ? ' % 

€^^— WiiîcJî 18 greâtest^ four of the eighth or three 
of the seventh ? 

Q- — Whîch is g^tesf , four of the seventh or four 
of the ^ghth ? 

Q^— .- Whtcb is. gréatiest, five of the eighth or four ci 
the seventh? . .. . ^ 

C(^-^ Whicb is greatest, five of the seventh or five 
of the eighth? * 

^— Whiçh is greatest, six of the eighth or five of 
tlie seventh ? . 

C^ — Wbîch is greatest six of the seventh or sîxi of 
the eighth ? 

€(^.— Wlrtch is gi^atest, éeven of the eighth or hx 
of the seventh ? 

C^--*-Which'is greatest, seven of the seventh or 
seven of the eighth ? 



HWhiçh IS greatest«eigfat otœe 
of the seventh ? 

:fi(^-^KVhich M irreatest, eight. of the sereutii' or 
i^ght of thé eighth ? ^ 



c * 
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Q^ — Which îs greateAt» nine of the eighth or eighX 
of the Beventh ? 

C(^ — Which is greatest,' nineof the séventh or nine 
of the eîjnrhth? 

Q^ — How ranny rectangles of the eighth square are 
equal ta the whole of the serenth ? 



Q2;— Which is greate^t, one of the nme rectangles 
into which the eighth square is diyidedor one of the 
ten rectano^Ies into which the ninth squire is divided? 

Q^ — Which is greatest, two of the rectangles of the 
ninth square or one of the eighth ? . 

C^ — Which isgreate«ttwo of the eighth or twoof 
the ninth ? 

Q^ — Which is greatest, thrée of the ninthor two 
of theeigl.th ? 

C^^Which is greatest, three of ijkè^rijgiitb or tibree 
of the îiinth ? 

Q^— Whii'h is greatest four of the ninth or three 
df the eighth ? , 

Q^ — Which is greatest, four of the eighth or 'four 
of the ninth ? ... 

C^— Which is greatest, fiye of die nindi or foàr ot 
tiie eighth? 
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C^— *Which is greatest, five of tbe dghth or five éf 
the ninth ? 

Qj — Which is greatest, six of the ninth or five of 
the eighth ? 

Qv— "Which is greatesty six of tbe eighth or sa of 
tbe nifith ? 

Q^lVhich is greetest» seven of ilie ninth or six of 
Ihe eighth ? 

Qj— Whsch is greetest, sereo of the eighth or sevén 
of tbe ninth? 

€^— «Which is greatest, d^t of the ninth dr 
«even of the eighth ?.. 

Ct:7**Which ib greatest, èightof the «ightb oreight 
of the ninth ? 

,C^-*WI)ich is.greatestj^ nine of the ninth or - eigbt 
of the eighth ? 

C^r^Whicbie greatest, nine of tbe eighth ci nina 
of the ninth ? 

'€(. — How many rectangles ef the ninth square are 
equal to the Whole of the eighth ? 

KOTS^Tbh. mode ci ampniog *>» magnliudti éf the fitenUt^fim Into whlch 
dif iqujuret aie divided, ibouM be repeated «m the fécond Une of iquAres, whlch 
Il divided by Vpiis)it lioet^'ei wdl •• en the ûnt, whicb b HocieonuUy d'nlded^ 
Tte w eg n i lîi dBi ihouU Ukewiw be oompaied in tbeir dccnesing reUiion^ ae 
^nnfaiPj«flr40» cT tbe BehOone eT Fmami thtf^wHIew for wbioii llli 

tê — - ^ 
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C H A P. VIIL 

The Pcpil having leamed onthe firsi" lîne» W 
cliTide f^quarés separateljr mio Upright and Horizontal 
rectangles, and lo compare the relations of théir sève- 
rai magiiitudes, novr procçedsi on the third Une to 
combine thèse opérations by dividing the same $(j[iùire> 
both Uorizontalijr and Vertically. 

SECT^Â 

^^^Draw à Horî^oiftal Stral^tfirié; 

Q^. — Divide it by eight p<Hnts into nine eqtiaf parts; 

Qj— .Froih each of the |)'oihts of division, and also 
froni the beginning and end oftheline,drâw tJpright 
Stràiglit iiiies èqaàl to one-ninth of thd hbriaontàl 
Une. 

Q^ — Jom the ùppér extréinkies of ail thete tlprl^lt 
Unes by a horizontal Une? 

0^ — Howmâny squares havèyou thtisfornicd ? 

yof!Srs>.-The nbie ■quftrct mây ettber be dnwn ooUectt^eijr, a* àbove» or pefe 

Iu4» it*may be found more eonvenleot io di»w only one square at a time^ an4 

proc<.>ëd to diviide it knd cooaider tho relaiioil of it« parts, \Mtcm we piDOseA' 

to tberemaininf iquareiof the bae j thi^ latter BiettMd il piOM^d in tiw IaDow!* 

. 4l« JSkeiciMi : 



/ 

mmmmmimm» 

Ct^— ^^^ -jR HorizQOtal Straigl^t.liiie* 

C^—- Upon it complète a square ? 

Q^<— Divide the horizontal sides of this square: 
by one point into two equal parts 2 

C(^^Divide the upright sides ofthîs s^^oare bj one 
point into two equal parts. 

C(^--l)rawa Horizontal line joimng liie points o£ 
division pf the Upright lines». 

Q^ — ^Drawan Upright linejoîning the^ points pf 
division of the Horizontal sides* 

C^— Into how manjr Horizontal Beetanglies is thi» 
square divided ? 

Q^ — Whatproportion does the hdght of each o£ 
^em bear to its length ? 

€(. — înto how many Upright Rectangle» is thiish 
square divided ? 

Q^ — What proportion dbes the length pf eaeh pf 
l3iem bear to its height ? 

Q^ — What part of the whole square is eaeh oCthese 

rectangles ? . . , \ 

Q(^ — H'.)w many lesser squares does each o£ ibese- 
rectangles contaia? 



i(^-^Into how many letser squares is tbe whole' or * 
the first square divided? 

et,.— Wbift i^art then is eachrectangleof thé ^bolè 
square ? 

SECOND SQUARE^ 

C^— 'Draw a Horizontal Straîght line»- 

Q^.^XJpon it complète a square» 

Q^-«*Divide thc Horizontal sides of tfais square « 
by two points irito threeequal parts. . 

Q^ — Di vide the Upright , sides. by jtwo points iato ^ 
three equal parts, 

Q^ — Juin the €orre«pendîng points oC ^division» of . 
tl>e Uprîght sides by Horizontprl lint^K 

Q^ — Join the corrtbpon'ding peints- ûf division of / 
the Horizontal sides by Ùprigh^; line? ? 

<^w.ljfto how fnaqy;HoîizQi»tal Rectangles is ihrs - 
square divided ? 

Q^ — What proportion does the. heîglit ci each of> 
thein bear to its lengrh ? 

Qj--Itito how . many Uprîght Rectangles is ihis 

square divided ? -^ 

. Q. — What proportion does the length of each- of- 
them bear to its height? 
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S— WlmtpartoflHe wholc square is eacli of 
thèse rectangles ? 

q.—Howinanyles«cr squares doescach ofthcm 
contain ? 



j— Whatpart of the whokr square istwa of thèse 
rectangles takentogether ? r 

<^— Hdir>>Mlany lésser^ squares do two of tfiese 
contain ? * 

^^^Wtiàt proportion does the heîght of two of 
them taken horizontally together bèar to the length ?. 

^— «ow many lè'sser«quaresdo the whole of this 
second square contahi ? 

mïS^^^f^ Mww te thaïe vwBtfcfflt M» Tê^. 4^6 «ail*?, •# «Ir 
XcuUont or Fonnt. 



<^-^Draw a Horizontal vStraîght lîne» 
Q^ — Upon it complète a Square. 

^i— Divîtle the horizontal sîde*^ of tiris; square by 
^bree points into four equal parts ? 

(^-r-Divide the Upright sides of thîs rquare by 
tiiree points- into four equal parts. 

^— Joîn the coniesponding pofats of division of 
the Upright sides by Horizontal Unes. 
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*^^ — What proportion dôeslhe length of «ach of 
^beoà bear to iu height ?. 

G^.^What part of the whole sqiiare is eacb of 
tkeÉe rectaoglea? ' 

Qj— How inany lesser squares do each of tBem 
^«ontain ? 

Q^^^y^hBt part ôf the whole square is ewo of thèse 
^rectangles taken horiaEontalljr together. 

C(; — How man]^ lesser squares do two of them 
contain ? 

Q^ — What proportion does the height of two of 
them taken hori^ntally together bear to the length ? 

Q^;— What part of the- whola square Is three of 
^)iese recta,Dgles taken horisontalijr together, 

Q^ — How many tesser squares do three of them 
cmitain ? 



^ — What proportion does the height of three of 
thes^ rectangles taken horizontally together begr to 
llie length ? 

:lÇ(^-««'Whatpartof the whole square is four of thèse 
rectangles taken horizontally tpgether ? 

^€(^--^How many lesser squarea do &ur of them 
contain? 
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Q.«^^hat proportion does the ïif^îgTit of four of 
thèse rectangles taken Lorizontaily togethèr bcar to 
the length ? 

Q^ — How inany lesser squares do tbe whole rf 
this square contaia ? 



FIFTH SQUJRX; 

Q^ — ^Draw a Horizontal Straight lme& ' ^ 
Qj — Upon ît complète a square*. 

Q^ — Divide the horizontal sidesofthis square by 
feve points into six equal parts. 

Ct^— Divide the upright side of dûs squale by fire 
points into six equal parts» 

Q^ — Joîn the coiresponding poiiits of division of 
die upright sides hy horizontal Unes ? 

Q^— Joîn the corresponding points of division of 
the horizontal sides by upright iines* 

C^^^^Into how many horizontd rectangles is tliia 
square divided? 

C^— What proportion does the heght of each of 
thèse rectangles bear to its length ? 

C(^--Into how. many upright rectangles it thii 
•quaro divided ? 
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ffb^m^ befr U* iu beij^t ? 

C(. — What part t)f the #hoIe square is each of thèse 

Ct;-*How fnany lesser squares do each of thsse 
t^taûgtes contain ? 

Q^-— What pact of tbe ishole square is two of thèse 
rectangles takeu together ? 

C^.7— How many lesser squares 4o tfWQ, of them 
contain ? • ' 

43(^ — What proportion: does the hejght of two 
of thèse rectangles taken together horizontally 
fctj^r tothe lengthB ^ 

Q(^ — What part of the whoîe square is three of 
i^m ^çfiÇanglejs-ialwn tpgeth^? 

Q^ — How many lesser squares do three of them 
^Qtaio ? 

(3^ — What proportion does the heîght of three of 
thèse lect^ngles taken together horizontally bear to 
the length ? ^ 

Qj-T- W hat part of tbe wliole square is four of thèse 
rectangles taken together 2 - 

C^— .HcKW mftuy Ji^s^ squares do fiMir of diem 
coutaia ? 



{ sa )' 

thèse rectangles taken togetJber horizohtftity bear M' 
the length ? . -* ... - ;. 

Q^— What partpf thc^yhple »q^iare U ftvex)£theMi: 
rectangles taken together ? 

Gt^ — How many lesser squares do fiye o£ thep^ 
contain ? . 

*€(• — l^rhxit proportion, does tlie ïieîght of five of, 
thèse rectangles taken together borizontally bear to 
the bngth ? • - 

Qj, — How many lesser squares does the whole of 
this $qQare contaÎB?^ 

SIXTU SQUARS. 

'^.— Dral¥ a Horizontal Straight ïîne. 

Q^— ITpon ît complète a square, 

Q^-^Dîvîde the horizontal sîdes of thîs square py 
six points into seven eqiial parts. 

C(v--i-Divide Ùt& uprigbt si des of this square by six 
poiÂts into seven eqwal parts ?^ . ' * 

Qj^rrJoîn the çorrespotiding ^oii^ of âlvbioiiL bf 
the uprightsides by he^ûspntai Iiiies« v > 

O^ — Join thecprresponding points of division^ pfi^ 
the horizontal aides by upright Unes* > , 
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Ctr—^^^P^ many hori^oDtalreçtaiiglei ii Jhb 
square divide^ ? 

C(.— What proportion does the height of each of 
thèse rectangles béer to the length ? ^ 

C(.— Into how many upright rectangles is thk 
•qunre diyided ? 

- Q^ — What proportion does the leiDgth of eadi ot 
thèse rectangles hear to the height ? 

C(^.^ What part of the whole square is caeh of 
thèse rectangles ? 

C^ — How many lesser squares does eaeh of Acm 
ccmtain? ' 

^_ What part of the whole square is tvo of Oese 
rectangles taken tc^tlier ? 

Qj— How many lesser squares do two oTthem^ 

contain ? ^ 

t Cj^.^What proportion does the height of two of 
them taken together horizontally bear to the length ?. 

Q^— What part of the whole square is three of 
thèse rectangles taken together ? 



Q^^Hpw many lesser squares do three of ihest 
rectangles contain J^ 



./ 
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'C^:^ — yiThat proportion does the height of three of 
tbeee rectangles taken tqgetl^er horizontally Lear to 
fbc lengtb ? 

Q^— ^Wbat part of tite wIiqIc square is four of thèse 
rectangles taken t<^tber ? , 

Qj — How many lesser squares do four of thèse 
rectangles contain ? . 

Q^ — What proportion does the height of four of 
tbe»e rectangles iaken togetber horizontally bear to 
the length ? 

C^r— What part of thewhole square is fi¥e of thèse 
rectangles taken together ? 

Q,2j— How many lesser squarei do five of thèse 
rectangles contain ? 

Q^ — What proportion does the height of five of 
thèse rectangles takçn together horizontally bear to 
Ibe length ? 

C(^^Wh^tpart of the wholë square is six of ^these 
lectangles taken together ? ^ * 

Q^How many lesser squares do six of thèse rt9ct« 
angles contain ? 

^ — What proportion does the height of six of 
" rectangles taken together horizontally bear to 
length? 
q^;— How many lester Quarts doei thewho4e/ïf 
this squarecontain ? ^ 
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8EVENTB SdUARE. 

Q^-— Braw a HorizontalStraight liae» 
€^—Upon it complète a square. 

C(. — Divide the horizontal siile» of tliis square bjf 
•evef points into eiglit equal parts. 

C(^ — Divide the upright sides of this square by 
seven pointa into eight equal parts. 

Ct^— ^oin the corresponding points of division of 
the upright sides by horizontal Unes. 

Qj^ — Join thé ^orresponding points of division of 
the horizontal sides by upright lines. 

Q^ — Into liow manj horizontal rectangles is this 
square divided? 

. G(v— What propoiç^ion does the hejght of each <xf 
ihesê rectangles bear to the length ? 

Q^— 'Into hoir many upright Rectangles is/ this 
square divided ? * • 

Ct>-What proportion- does the lengtE f^eàch 
of thèse rectangles bear to Uie beighl ? 

Q. — Whatpartof the whole square is each of 
thèse rectangles ? • 



: Gt^f—Ho w inasy lesser sqiuureft Aom eâfih < of tbem 
-contain ? 
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€t.-^Wbat part of tte whole square is two of Aese 
rectj^nglës taken together ? 

Q5— How many lesser squares do two of tbese 
rectangles contai n ? ' ^ 

. Q^— What proportion does the heîght of two of 
thèse rectangles taken together horizontally bear to 
the iength ? 

C^-^'What part of the whole square is three of 
thèse, reçtîuigles takejfi together ? 

dj — How many' lessèr squares do three of thèse 

rectangles contain ? ' " 

. » 

Qj.— What proportîpp dqes the heîght of three of 
thèse rectangles taken together horizontally bear to 
thelengtli? : ; . 

Q. — Whatpart of the whole sçjuare îs four of thèse 
rectangles taken together ? - "7 

Q^— How many lesser squares, do four of thèse 
rectangles cbntain? \ . \ ., 

Qj— What proportion does the height of four of 
thèse rectangles taken together horizontally bear to 
the Iength ?" 

Q^— What part of the \vhole square is five of thèse 

rectangles taken together ? 



V 
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C^.^How maxkj lesser Kjaaret^ . do five pf theit 

rectangles coiitain ? 

Q^ — What proportion does tlie heiglit oF five of 
the^e rectangles taken togelber horiaontally bear ta 
Cbe length 'i 

Q^, — What part of the wholê square is six of theit 
rectangles taken together ? 

€(^ — IIow manj lesser squares do six of thèse rect- 
angles contain ? 

Q^ — What proportion does the heîght of six ot 
thèse rectangles taken togethtr horizontally bear t'j 

the length? 

G^ — What part of the wliole square is seven of 
thèse rectanjgles taken together ? 

Q^— How many lesscr squares do seven of thèse 
rectîingles contain,? 

C^_What proportion does the heîght of seven of 
thèse rectangles taken together horizontàlly bear to 
the length ? 

Q^ — How>inany lesser squares does the wbole of 

$his square contaiu ? 

■■■■ / 

EIGHTH SQUJRX. 

V 

Q^_Draw a Horizontal Straight lint* 
^..^ Upon it complète a square. 
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^ — DiTÎde the^ horizontal sides of thii iquare by 
eigbt poinls into niue equal parts. 

' Q^ — Divîde the upright sides of thls square _by 
eight points into nine equal parts. 

Q^ — Join the. corrësponding points of division of 

Uie upright sides by horizontal Unes. 

Q^ — Join ihe coiTespondhig points of division of 
the horizontal bides by upright liftes. 

Q^— Into how many horizontal rectangles, is thip^ 
square dîvidcd ? 

C^ — What proportion dôcs the height of cach of 
tliest; rectangles bear to the length ? 

Q^ — Into how many upright rectangles is ihia 
square divided ? 

C^-r-What proportion does thé length of cach of 
tlicse rectangles bear to the height ?. 

C(. — What part of the vhole square is each of 
thèse rectangles ? 

C^ — How many lesser squares do each of them 

contain ? 

Q^ — What part of (he whole square is two of tbesf 
rectangles taken together ? - 

Q;. — How many lesser squares do tWo cT thetf 
rectangles contain ? 
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. Qj*.»Wbatpro]lortrbn does the lieîgîît of two of 
th)?se rectangles tak'én togetliet faorizontdlly beàr td 

Q^ — What part of thb wliole «quare îs tliree of 
lb^^.r^tangle« taken togetber? 

Q^T-'How many lesseï squares do three of thèse 
tectanglcô contain ? 

C^ — What proporlîon ddes the heîght of three of 
Ihdse'tectanglês tàken logethèr horizontally bëar* to 

the length ? 

Q. What part of tlie whole square îs four of thèse 

rectangles takeii togethci ? • 

* Q^ — How ninny lesser squares "do four of thèse rect- 
angles cor. tain ? . 

C^-JWhat proportion does the heîght of four of 
thèse rectangles tiiken togetlier horizontally bear to 
the length? ' . ' 

O What pafrt of the whole square is fiveof thèse 

jeclangles'taken t^ogéthër? 

Qj— How many lesser' squares do five of thèse 

Ç^:-- What proportion does the hejght ôf five of 
ïhese rectangles taken together horifeohtally béai' to 

the length? 
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.. ^, — What psrt pf tbe.whold «qwre ii| ûziof thtse 
rectangles iajsfin togethér? , 

Q^-rHow irany lesser squares do six qf tlijçse rçct-» 
angles çontain ? 

' Qc What proportion does tte heigl^t ;Qf «ix of 
thèse rectangles taken together horizontuUy beartp 
tïielengfh? ' 

Q. — What part of the whole square is seven of 
tbe^ rectangles taken together ? '*' 

Qj— What proportion does the heîgbt of seveil of 
thèse rectafigles taken together hori^ntally tiear ' to 
thelength? *' '^ 

• Q^^r^What part of the whdte "squftre îs eighfc- of 
thèse rectangles tàkei^» tdgeCher ? • ' ' '* ** ' ** 

'. 0.-!r-How many lënsèr .squares do éight^f ih^sn 

rectangles contain? \ ,.î.f/ r-;.^ 

; G^— What proportion doevlhe ^eîghtfbf- eighî of 
-* thèse rectangles taken* together horiâ;oûUlly' béar to 
theleijigth f . » , » f ^ f*5 

" Q;;--Howniany lesser squares does thé #hol0 of 
tliis square coiitiiin ? . «^ 



Qj;-Drttw a Horizontal Straighf lhlé# ' "^ "^'" • ' * 
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C(j-»Upon U complète a tquare. 

G^ — Divide the horizontal sides of this square by 
tiine points into ten equal parts. 

Q^ — ^Divide thé upriglit sides of this square by nine 
points into ten equal parts. 

C(. — ^Join the corresponding points of dÎTision of 
ibe upright sides by horîzjntal lines. 

Q^ — Join the correspoiyling points of division of 
the horizontal sides by upright Unes. 

Qjj-^Into how many horizontal rectangles is tbi« 
•qnare divided? 

Q^-^W hat proportion does the Ift^ght of cach of 
theae rectangles bear to tl^ :length ? 

: Q^ — Into how many upri^t rectangles is this 
•quare divided ? 

m 

€^ — What proportion does the length of each of 
thèse rectangles bear to the beight ?. 

C^— What part of the whole square is each of thèse 
rectangles ? ^ 

C(. — How many lesser squares do each of thèse 
cedtangles contain ? . - 

C^ — Whàt part of the vrhcXe square is two of (h* 
ractanglef taken togetbei^ ?.. 
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C^f-^How nmjr lesser squares do tiro of thèse réel- 
angles contain ? 



^— What prqMUrtion docs the height of two' of 
tbese rectangles taken together horisontally bear to 
thelength? 

C(^ — What part of the whole square is three of 
thèse rectangles taken together ? ' 

C^if— How many les&er squares do three of theM 
rectangles contain ? - • 



C^ — What proportion does the height of three 
thèse rectangles tiûien together horîzontally bear to 
theléngth? 



^— What part of thé whole square is four of 
thèse rectaiigles taken together ? . 

^ — How many lesser squares do^ four of thèse 
rectangles contain ? 

Qj— What proportion does the height of fourof 
thèse rectangles taken together horizontally bear to 
theléngth? 

^.-r- What part of tlie whole square is fivç of thèse 
rectangles taken together ? 

Q^ — How many lesser squares do bye of thèse 
rectangles contain ? 

vi^r- What proportioh does the height of five of 



(. «t 1) 




tbese rectangles t^l^m t^gether hma^Bâ^ 

the length ? 






-Wbat'p^itofctJie wfaolesqpiarei&siicof d)|èse , 

, ^ — How many lesser squares do sîx of ihesèreèf*' 

C^— -What proport'.qn does the height .of sîi of, 
thèse rectangles taken together horizontally. bear Jto 
the lenffth r. , . . ^ 

Q^ — Wliat part of the whole square îs seven of 
thfesërectaW^éétrtW'tôgediyr7" 'M* ' = ; N'r'V/ -.p 

^^ — How Hkany lesser squares do sevw .pi tb^, 
réctahffles contain ? 

thèse rectangles takepi togetlier horizontally bear to 
the leng'th'? • - ' ' .' ' '' ' ''■ ' 



» -. • ; > . 



C^_Wbat part of the whole square is eîght^ of 
thèse ractanojles taken tô^jettier? 

.1, ' .*'•■ •• ■' 

Q^ — How many lesser squares do eîght of thèse 
rectano^les contai» ? . 

G^— What proportion does tlie hçîgnt qf êjght .^of 
thèse rectangles taken together horizontally bear to 
the length? ' .•>»'.- 

Ô£— What part of the whole square 'ià bine tof 
ïhese rectangles tàkôn together ? • <f -, 
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i.«^How xnany lesser squares dô nine of thett 
rectangles contain ? 

C^ — What proportion does the heîghth ci niae . 
of thèse rectangles takefi together horixontally bear 
to tbe lenglh ? 

C^— How many lesser squares doès fhe whole of 
tbis square contain ? 



CHAP. IX. 

■ i 



Having consîdered înthe fest Chapterthe pro- 
portîonsof the sevcral Rectangles into whîch a Square 
can be divîded, bot h by Horizontal and Uprîght 
lines, and compared tliem by means oi' lesser squares, 
we now proceed to describe Rectangles b^*aring a 
given proportion to a square^ or whose height and 
lengtb bave a certain proportion to each other. 



SECT. I. 

(See Bne of Rectanglet marked A. <m th«TàMt4 

j — Draw a Horizontal Straîghl lîne, 

Q^— *-Below ît draw an Uprîglit Straîght lîne fronr 
Mcb extréinlty y equal to half the horizontal line» 
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Q^-^ Detcribe a redangle placed borizontally whpse 
lieight is equal to one eighth p{ its leiigth. 

G(^ — Dcscribe a rectangle placed horizontally whose 
hcight ig equal to two-eighths ôfits lengtb. Andsotm* 



Q(. — ^Describe a rectangle placed horiaEontally wbose 
beight ii equal to one^nintb of its length. 

Q^T—DesccUie a iieçtangle placed borizontally 
whose hcight is equal to two-ninths-of its length.^-* 
And 90 on. 



C^ — Describe a rectangle placed borizontally 
whose beight is equal to one-tenth of its îengthJ 

jQ^ — Describe a rectangle, placed borizontally» 
whose beigbt is equal to two-tenths of its length.— * 
And so on» 

NOTE^^ThB Relationf of the dUftreiit parts of thèse Rectangles, as given i« 
the^ueAionson'the flrstSectioOt wUl be fouod in Page 5jS>of the Bclationa 
of Fonns ; and It may be well to state hère tbat, when the beight of a rectang^ 
whose sldes are upright and bortionUl Unes, is less tfaao tbe lengtbl such reot- ^ 
angle is said to be placed HORIZOIfTALLX i and when the height cxoeeds the- 
length^ the -rectangle is lald to be placed UFRIGBT* 



We now proceed to the considération of figures B 
and C, of the Table; thjBobjects of which are to lay 
downa rule for observing bow muchany Slanting 
line Taries from Horizontal, as aiso in E, afulc is laid 
^wn for ascertàining ihc slant of those Unes whose 
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inclination approaches nearer to uprjght. The for« 
mer, it will appear, are considered as the Diagonals 
of Rectangles, whose length exceeds their height ; — 
the latter as the Diagonals of Rectangles whose height 
fxceeds their length, We hère give a few Questions 
as examples of their use, which shoold be careinlly 
extended to every rectangle of the four séries, giveh 
in the table, and should be c^welt upon, until 
the Pupil can not only draw a Slantîng line of any 
given inclination, btit is olso ablé VerbaBy to express 
the inclination of any Slanting line presented to his 
vîew. It may be well to remark that the line of Rect- 
angles, given in Fig. P of the Table, are intended to 
beused in the saine manner as those at A, in order to 
fflcilitate the drawitig of any Upright Rectangle: be- 
fore the Diagonals are inserted in them ; for which 

fmrpose, Questions similar to those given in the 
oregoing sections ot this Chapter, may beused. 



Q^ — ^Drâw a Rectangle placed horizontally, whose 
height is equal to one-half of its length, 

Q^ — Join the right upper Angle to the left lower 
Angle by a Slanting line. 

^ — What would you' say wos the inclination of 
this Slanting line ? ^ . 
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Q^^^VkRtU fi Slàmihg lirie ^ranm thu6 iti a rect- 
angle called? 

Q^— In wïiat direction would you s^y tlie diagonal 
of tlug rectangle was drawn ? 

yor^,-~For iiuwen to thete Queiftioni Sec Page; 5 7 «id s 8 of tb« 
lUIjCloltt df Komis. 

The direction of the Dingonàl shotild tlien be re- 
versed ab tbllows : — 



[^— Druwa Horizontal Rectangle wbose heîglit 
k cqual to one-half its-iength* 

C^— Joiti Ifhe right lower Angle to the léft «pper 
An^le by a Slanting Hne. 

C^ — 'tVhat would yonisay was the încliitàtion of 
tliis Slanting line? 

Q^ — lo'what direction wouîd you say thîs line 
Slantcd ? 

Q^-^Draw an Upright rectangle whose heiglit is 
equal to twice its length. 

C^— Join its rif^ht tipper Aqgle 'td ils left lower 
Angle by a Slanting Ime. 

'^ — What would you say was the iacliiiation of 
this line ? 

'Q^--4n'wbat 'direction would you soy'tb^ disgonal 
«f this.rectangle was drawn ? 
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Tbe tfrecÉkmofthe DitgoBBl fhwikl te royau t é m tdBam 

Q. — Draw an Upriglit Rectangle whose iength !ê 
equal to one^hall lU heighu 

Q^ — ^Join the right lower Angle to the left upper 
angle by a Slanting Une. 

Q^ — What would you say was ibe înclijSMïtion .of 
ibis lîne. . ^ 

C^ — In wbat direction would you say the diagonal 
of this rectangle was formed. 

Q^ — Draw a Rectangle placed horîzoni'ally whose 
hcightis leqnai toone^third of its Iength. 

<3(i — ^Joîn tl\e right npper Angle to the left lower 
Angle by a Slanting Une. 

Q^ — What would yon «ay was the inclination of 
this Une? 

ê 

G^^— WhatTs à Slanting line drawn tbiis in a rcc^ 
angle called? 

<S(i — In wbiit dhsefitidiAiviouldyottAayrithe diagonal 
of this rectangle was drawn ? • 

'Xhe.1diieetttm,or'the dJ^gmial «hsuUtte nrtneâ as fioUows. 

Q^ — ^Draw a Horizontal Reetaii^e -whose height 
is equal to one-third of its lengh. 

•Q^ — Join the rîght lower Anglerto the -left npper 
Angle by a Siantir^ line. 
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. Q^ — What would you say wos the inclination *of 
this Slanting liue ? 

Q. — In what directipn would you say the diagonal 
of this rectangle was drawn ? 

CK Draw an Upright Tectangle whose height i» 

equal td three times its length, 

Q^ — ^Join its right upper Angle to its left lower 
Angle by a Slanting line. 

Q What would you say was the inclination of 

this Une. 

Qj— In what direction would you say the diagonal 
of this rectangle. was drawn ? - 

The direction of the diagonal ■houldbe reveneâ ai foûows. 

Q^_Draw au Upright Rectangle^, whose licight if 
equal to one-third of its length 

Q^_Joih the right Idwer Angle to the left upper 
Angle by a Slanting line. 

Q,_Wimt viould you say ivas the inclination of 
this Une. . ' ' * 

(^— In what érection would you say tî :e diagonal %, 
of this Rectangle was drawn? ! ^ 



of 



I 



C^— Draw a Rectaiïgîe placed horîzontally whose ,ç 
heiffht is equal tô one-ïbuïth of its length ? ^al 
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Q^— Join the rîghl upper Angle to the left lowcr 
Angle by a Slanting liiie. 

^— ,Wliat would you say was the inclination of 
thisline? 

Q^ — In what direction would you say the diagonal 
of this rectangle was drawn ? 

The direction of the diagonal -should be rerened ■• foDowa. 

Q(j — Draw a Horizontal Rectangle whoae length 
is equal to four times ils heîght. 

Q^— Join tlie right lower angle to the left upper 
Angle by a Slanting "lîne. 

Q^ — What would you say was the inclination of 
this line ? 

C^ lur what direction would you say the diagonal 
of this rectangle was drawn ? 

Q^ — Draw an Upright rectangle whose heîght k 
equal to four times its length? 

C^— Join its right upper Angle to its left lower 
Angle by a Slanting Une. 

Q^n— What would you say was the inclination of 
thisline? 

Q^ — In what direction would you say the diago* 
nal of this rectangle was drawn ? 
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Hie direetk» ot the diagonal thould be ternnd a* foUowti 

Q. — Draw an Uprîght Rectangle whose heîght û 
, equal to four times its length. 

Q^ — Join the right lower Angle to the kft upper 
Angle by a Slanting line. ' 

Q(j — Whàt would you say was' the inclination of 
this linc ? 

Q^— In what direction would you say the diagonal 
of this rectangle was drawn ? 



4 

In like manner the Diagonals of the remainiog 
Rectangles given on the Table should be described, 
and afterwards^ the Diagjnak of Rectangles whose 
lieights are two-thirds, or two or three-fourths of its^ 
length, ^c. ^c. as given in describî ng the Riect- 
angles în the former part of this Chapter ; and 
this Exercise should be continued until the Pupil 
can, according to this ruie, deterniine, by meaiis of 
the Rectangle of which it is the 'Diagonal, the incli* 
nation of any Une «ir^ented^to kis observation % the 
^ractical utility of which is adiHzvidont* 
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RELATIONS OF FORMS. 
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FIRST EXERCISK 

l8T 8ÏCTI0N. , 

Horizontal Straîght lîncs. Uprlght straîght lines 




7th 

8th 

9th 

lOth 

See Fig. 1 to 10 See Fîg. 1 1 to 20. 

Ist Table. Ist Table. 
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Sd section. 

THE first horizontal Une is shorter thanthe second. 

The second horizontal Une is longer than the first, 
but shorter than the third. 

l'he third horizontal Une is longer than the second 
but shorter than thefourtK. 

Ihefourth horizontal Une is longer than thethûrd» 
but shorter tiian the filth. 

The fifih horizontal Une is longer than the fourth, 
but shorter than the sixth. 

The sixth horizontal Une is longer than the fifth, but 
shorter than the seventh. 

The aeventh horizontal Une is longer than the sixth, 
but shorter than the eighth. 

The eighth horizontal line is longer than the se- 
venth, but shorter than the ninth» 

The niiith horizontal Une is longer than the eighth, 
but shorter than the tenth. 

The tenth horizontal Une is longer than the ninth» 
and longest of aU. 

THE first upright lineis shorter than the second. 

The second uprigiit Une is longer than the firs^ 
but shorter than the third. 

The third upright Une is longer than the second^ 
but shorter than the fourth. 

I The fourth upright Une is longer than the third« 
but shorter than the fifth. 

The fifth upright line is longer than tbe fourth, but 
shorter than the sixth. 

The sixth uprigtit Une is longer than the fifih, but 
shorter thàn the seventh. 

The serenth upright Une is longer than the sixth^- 
but shorter than the eighth. 

The eighth upright Une is longer than the seveiith» 
**'it shorter than the ninth. 
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The ninth upright line is longer than the eightb, 
but^horter than the tenth. 

The tenth upright Une is longer than the ninth, 
and longest of au. 

3d sxction« 

The l'st horizontal Ilne is not divided. 
The 2d is divided by l point into 2 equal parts. 
3d * 2poinU- 3 

4 • 3-4 

5 • 4 -5 

6 * S -^ 6 

7 . 6 - 7 

8 . 7 • a 

9 . 8-9 

10 - 9 * 10 

The Ist upright line is not divided. 
The 2d is divided by 1 point into 2 equal part;^. 

3d - 2 points - 3 

4 * 3 *- 4 

5 • 4-5 

6 - 5^6 

7 • 6-7 

8 - 7 .8 

9 - 8 .9 
10 - 9-10 

4th sectiok. 

EACH of the two equal parts of the second hori- 
zontal line is half of thât line. 

From tbe beginning of the liile to the point of di- 
^sion is the first half, and from that point to the end 
of the line is the second half. 

And the whole line contains two halves. 



E ACH of the three equal parts of the thîrd hori- 
zontal Une is a third part of that line. 

From the becjinning of. the Une to the first point of 
division is the Àrst third ; from the first point to the 
second is the second third ; from the second point to 
the end of the Une is the 3d third. 

From the beginning of the Une to the second point, 
there are two tnirds of that Une, and from the first 
point to the end of tfae Une there are two thirds. 

And the whole Une contains three thirds. 

EACH of the four equal parts into which the fourth 
horizontal Une is divided, is one fourth part of it. 

From the beginning of the Une to the first point is 
the first fourth. 

From the Ist point to the 2d point is the 2d fourth. 
2d to the 3d point is the 3d fourth-. 

3d to the end of the line, is the 4<th 

fourth. 

From the beginning of the Une to the second pointp 
there are two fourths. 

From the first point to the 3d there are two fourths 

From the second to the end of the Une, there are 
two fourths. 

From the beginning of the Une to the third point, 
there are three fourths. 

From the Ist point to the end thereare three £burths 

And the whole Une contains four*fourths« 

EACH of the five equal parts into which the fifth 
horizontal Une is dividea, is one-fifth of it. 

From the beginning of the line to the first point of 
division, is the first fiith. 

From the Ist point to the 2d is the 2d fifth. 
From the 2d point to the 3d - 3d fifth. 
3d - 4th - 4th fifth. 

4th point to en4 of the Une is th'e 5th fifth 
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Frotn the begînnîng of the lîne to thc second poîn 
€f division, there are two-fifths, 

From the Ist to the 3d there are 2-fifths. 
2d - 4th - 2-fifths. 
3d to the end of the line there are 2- 
fifthi. 

From the bcgînning çf the line to the third point» 
there are three-fifths. 

From the first point to the fourth, there are three- 
fifths. 

From the second point to the end of the line, there 
are three-fifths. 

From the beginning of the line to the fourth point, 
there are four-nfths. 

From the first point to the end of the line, there are 
four-fifths. 

And the whole line contains five-fifi;hs. 

EACH of the six equai parts into which the sixth 
horizontal line is divided, is one-sixth part of ît. 

From the beginning of the fine to the first point, i:- 
the Ist-sixth. 

From the Ist point to the 2d, is the 2d sixth. 
2d - 3d, - 3d 

- 3d - 4th, - 4th 

4th - 5th, - 5th 

5th point tôthe end of the line is the6tli 

From the bcffînnîng of the line to the 2d poîi î 
there are 2-sixtns. 

From the 1 st point to the 3d, there are 2-sixths. 

2d . 4th . ^ 

.3 . 5.2 

4th . 6.2 

5th to the end of the Une, 2 
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Trom the begînning of the lînc io the third point 
there are b-sixths. 

From the Ist point to theéth there are 3-Bixths« 

From the ?d point to the 5,tli there are S-sixths. 

From the Sd point to the end of the line, 3-sixtht» 
'"om the begînning of the line to tlie fourth point 
uiere are 4-sixths. 

From the Istto the 5th, are 4-8ixth8. 

From the second to the end of the line are 4-sixthi 

From the beginningof the line to the^th point are 
5-sixths. 

From the Tst point to the end of the line, 5-8ixths« 

And the whole line contains 6-sixths. 

EACH of the teven eoual parts into which the seventh 
horizontal line is divided is 1-' th part of that line.^ 

From the beginning of the liiie to the first point 
of division is the Ist seventh. 

From the 1 st point to the 2d is the 2d seventh» 
2d . 8d . Sd 

S . 4th . 4th 

• 4th é S • S 

• 5 • 6.6 

• 6 « to the end of the line is the 
Vth seventh, 

From the beginnîng of the line to the second point 
oï diviftion there are 2-sevenths. 

From the Ist point to the àd there are 2-seventb8« 
2d . 4th • 2 

S • 5.2 

4th . 6 • 2 

• 5 • to the- end of the line there 
are 2-sevenths. 

From the beginning of the Une to the Sd point of 
division there are 3-scveiithg. 
from the l6t to the itli point there are 3-sevenths. 



From tlie 2d point to the 5th there are S-sevenths 
. 3d • 6th . . w-seveiithf. 

4th • to the end oi the Une thcre are 
3-seventhg. 

From the beginning of tho lîne to the fourth point 
of division there are 4-sevexUhs. 

From the Ist point to the 5th there are 4-sevenths. 
2d . '6th . 4-seventh8. 

From the 3d point to the end of the line there are 
4*seveiith8. 

From the beginning of the line to the fifth point 
there are 5-sevenths. 

From the Ist point to the 6th there arc 5»8eventh8« 
From the 2d point to the end of the line there are 
5-sevenths. ' 

From the beginning of the iine to the sixth point 
of division there are 6-sevenths. 

From the Ist point to the end of the line there 
are C-sevenlhs. 
And the whole line contains 7-sevenths* 

/ 

ISACH of the eight equal parts into which the eiglith 
horizontal line is divided is one-eighth part of that 
linp. 

From the beginning of the line to the Ist point 
^•f division is the first eighth* 

From the ist point tothe id is the 2d eighth 
2d . 3 . 3d 

. S • 4th . 4th 

4th . 6.5 

• 5 • 6 m 6 

6 . 7.7 

7th point to the end of the ^e is the 
«th eighth. 

From the beginning of the lîne to the second point 
of diviftion there aie two ei^hths. 



From tlie 1 st poînt to tlic 3d Aère are 2-eight&g. 
âd . 4th . 2 

5 . 5 .2 
4th . 6.2 
5.7.2 

6 to the end ^ of the line there are 2» 
cighthfl. 

From the bcginning of the liné* to the third point 
of division there are 3-eighths« 

From the 1 st. point to the 4th there are 3-eighthg. 
2d . 5 . 3 

3.6.3 
4th .7.3 
'5th to the end of the line, 3-eighth8. 
From the beginningof the line to the fourth point 
of division there are 4*eighths. 

From the l«t point to the 5th there are 4-eighth8. 
2d • 6 4 

.3 .7.4 

4th to the end of the line, 4 
Fromithe beginning of the line to the fifth point of 
divi.»ion there are 5-eighths. 

From the Ist to tne 6th there are 5-eighths. 

2 . 7th . 5 

From the 3d to the end of the line, 5-eighths,' 
From the beginning of the Une to the stxth point 
of division there are 6-eighths. 

From the 1 st point to tne Tth. there are 6-eighths 
From the 2d to the end of the line; ô'-eighths 

From the beginning of the line to the sçventh point 
of division there are 7-eighths. 

From the Ist point to the end of the line theje are 
7-eightlM. ^ 

Ànd the whole line contains 8-eighths. 



EACH ofthenineequal parts into which the ninth 
horizontal Une is dividea is one-nînth part of tliat line. 
From the beginning of the line to the Ist point of 
division is the first ninth. ' 

From the Ist point to the 2d is the 2d ninth. 
2d . 3d 3d 



3 

4th 
5 
6 

7 



4th 

5 

6 

7 

S 



4th 

5 

6 

7 

8 



. 8tb point to the end of the line is the 9th ninth 
From the beginning of the line to the second point 
#>f division there are 2-ninths. 

From the Ist point to the 3d there are 2*ninthi« 
2d . • 4th . 2-nintbs. 



3 

4th 
5 
.6 



5 
6 

7 
8 



2 
2 
2 
2 



7th to the end of the line, 2 
From the beginning «'f' the line to the third point of 
«division there are 3-ninths. 

From the Ist point to the 4th there are 3-ninths. 
2d • 5.3 

• 3 • 6 • 3 
4th . . 7 . 3 ^ 

• 5 • 8*3. 
6 to the end of the line, 3 

From the beginning of thè line to the fourtfi point 
#f division there are 4-ninths. 

From the Ist point to the 5th there are 4-nInth«. 
2.6.4 



4th . 8 . • • 4 

5th to the end of the line, 4 
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From the begînning of the Une to the fiftli point of 
division thereare ;>-ninths. 
^rom the Ist point to the 6th there are 5-mnths. 
. 2d . 7 .5 

• 8 «8 «5 

4th to the end of the line, 5 
From the beginnîiig of the line to the sixth point of 
«livision there are 6-ninths. 

From the Ist point to the 7th there are 6-ninths» 
2d . 8^6 

3d to the end of the line, 6 
From the beginning of the line to the to the seveutb 
point of division there are Y-ninths. 

From the Ist point to the 8th there are T-ninths. 
From the 2d point to the end of the Une there are 
7-ninths. 

From the beginning of the line to the eighth point 
of division there are 8-ninths. 

From the first point to the end of theline 8-ninthft. 
And the whole line contains 9-ninth8. 

E ACH of the ten equal parts înto whîch the tentli 
horizontal line is divided is one-tenth part of that 
line. 

From the beginning of the line to the first point of 
division, is the first-tenth. 

Froai the Ist point to the 2d, is the 2d tentk 



2d 


• 


3 - 


3 


Sd 


at 


4th - 


4 


4th 


• 


5 - 


5 


5 


m 


6 - 


6 


6 


m 


7 - 


7 


7 


• 


8 « 


8 


8 


«. 


9 - 


9 



-From the 9th to the end of the line is the 10-tenth 
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From the begînning of the Une to the second poitit 
c^ division, there are two-tentlis. 

From the Ist to the 3d point there are 2-tenthfi. 
2d - 4th - 2 

-3-5 - 2 

4th - 6 - 2 

5-7 - 2 

• 6-8 . 2 

7 . • 9 . 2 

From the 8th to the end of the Une there are 2- 
tenths. 

From the begînnîn^; o£the Une to the third point of 
division, there are three-tenths. 

From the Ist to the4th point there are 3-tenth& 
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5th 
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From the 7th point to the end of the Une there are 
S-tenthsy 

From the beginning of tbë Une to the fourth point 
rf division there are tour-tenths. 
From the Ist to the 5th point there are 4-tenth8. 
2d « 6th - 4 

3-7 - 4 

4th - 8 - 4 

- 5 - 9 - 4 

6th to end of the Une there pre 4-tenths. 
From the beginning of the iine to the fifth point of 
division there are five-tenths. 
From the Ist to the 6th point there are 5-tenths. 

- 2 . 7th - 5 
3-8 . 5 

- 4th - 9 - 5 

5 to the end of the Une there are S-ienths 
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From thebeginning cf the Une to the sbcth point 
of division tliere are six-tenths. 

From the tst point to the 7th there are 6-ienths« 
2d . 8 .6 

3 . 9 .6 

From the 4th to the end of the lîne 6 

From the beginning of the Une tothe seventh point 
of division there are T-tenths. 

Frpm the ] st to the 8th pomt there are î-tentha. 
' 2d . 9 • 7 

3 to the end of the Une there are 7 tenths 
From the beginning of the line to the eighth point 
of division there are S-tenths. 

From the î st to the 9th point there are 8-tenthsr • 

\id to the end of the Une, S-tenths. 
From the beginning of the Une to the 9th point of 
division, there are 9-tenths. 

From the first point to the end of the Une there are 
9-tenths. 

And the whole Une contains 10-tentha. 



Note Thèse Exercises should be repeated on the 
aerics of upright Unes from FiG. 1 1 to 20, alteriilg 
the term Horizontal Line to that of Upright 
Line wherever itoccurs« 
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5th section, 

THE first horizontal line isas great as faalf the. 
second. 

Half the second horizontal Une is as great as a Sa 
part of the third. 

The second horizontal line is as great as twice the 
Sd part of the third. 

THE third part of the third horizontal line is as 
great as the 4th part of the fourth line. 

Twice the third part of the third horizontal line is 
as great as twice the 4th part of the fourth, 

The third horizontal line is as great as three tlmes 
the 4th part of the fourth, 

THE fourth part of the fourth line is as great as the 
5th part of the fiffch, 

Twice the 4th part of tlv3 fourth horizontal line is 
equal to twice the 5th part of the ffth line. 

Three.times the 4th part of the fourth horizontal 
line. is equal to three times the 5th part of the fiftb 
line 

The fourth horizontal line is as great as fourtimet 
the 5th part pf the fifth. 

THE 5th part of the fifth horizontal line is as great 
as the 6th part of the sixth line. 

Twice the 5th part of the 5th horizontal Une is 
equal to twice the 6th part of thesixth line. 

Three times the 5th part of the fifth horizontal line 
is equal to three times the 6tli part of the sixth Une» 

Four times the 5th part of the fifth horizontal line 
is equal to four times the 6th part of the sixth Une- 

The fifth horizontal line is as great as five tir 
the 6th part of the sixth. 
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Eight times the 9th part of the ninth honzontal 
line are equal to eight times the lOth part of ttie 
tenth line. 

The ninth horizontal line is equal to 9*10ths of the 
tenth Une. 

Note. The same is to be performed on the Up- 
right lines also. 

6th section. 

HALF of the second horizontal line îs. equal to 
the whole of the fîrst. 

The second horizontal Une is twice as great as the 
first. 

The Bd part of the third horizontal Une isecpial to 
half of the second. 

T«v':ce the Sd part of the third Uoeare equàl to the 
whole of the second. 

The whole of the third horizontal liné is equal to 
three times half the second. 



THE 4th part of the fourth horizontal line k 
to the 3d part of the third. 

Twice the 4th part of the fourth are equal to twice 
the 3d part of the third. 

Three times the 4th part of the fourth are equal to 
the whole of the third. 

, The fourth horizontal line is equâl to four times the 
Sd part of the third. 

THE 5th part of the fifth line is equal to the 4th 
'^art of the fourth. 

Twice the 5th part of the fifth horizontal line arc 
, »al to twice the 4th part cf the fourth line. 
Three times the 5th part of the fifth horizontal 
^ are equal to three times the 4th part of ilie fourth 
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Four times the 5th part of thc fifth horizontal Une 
are equai to the whole of the fourth line* • 

The fifth Une ia equal to five times the 4th part of 
the fourth. 

THE GÙi part of the sixth line is equal to the 5th 
part of the fifth line. 

Twîce the 6th part- of the sixth horizontal line are 
equal to twice the 5th part of the fifth line. 

Three times the 6tb part of the sixth horiîsontal 
line are equal to three times the 5th part of the fifth 
line» 

Four times the 6th part of the sixth horizontal lin« 
are equal to four times the 5th part of the fifth line* 

Five times the 6th part of the sixth horizontal line 
are equal to the whole of the fifth line. 

The sixth horizontal line is equal to six times tlie 
^ih part of the fifth. 

THE 7th part of the seventh line is equal to the" 
6th part of the sixth. 

Twice the 7th part of thc seventh horizontal Une 
are equal tô twîce the 6th part of the sixth line. 

Three times the 7th part of the seventh horizontal: 
Une are equal to three times the 6th part of the sixtK 
line. 

Four times the 7th pgxt of the 7th horizontal line 
are equal to the four times the 6th part of the sixthr 
line» •• 

Flve tknes the^ 7th part of the seventh horizontal 
4ine are equal to five times the 6th part of the sixth 
Une. 

Six times the 7th part of the seventh horizontal 
line are equal to the whole of the sixth line. 

Tlie seventh horizontal line is^eq^l to seven times 
the sixth part of the sixth.. 
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THE 8tli part of the eighth line îs equal ta tlie 
7th part of the seventh line. " " 

Twicethe 8th part of the eighth horizontal line are 
equal to twice the 7th part of tlie seventh line. 

Three times the 8th part of the eighth horizontal 
line are equal to Ûivce tiines the 7th part of the 
seventh line* 

Four times the 8th part of the ei^>hth horizontal 
line are equal to four times the Tthpart of the seventh 
line. 

ï'ive times thfe 8th part of thç eighth horizontal 
line are equal to fi ve times the 7th part of the seventh 
line. 

Six times the 8th part of the eighth horizontal line 
are equal to six times tlie 7th partof the seventh line." 

Seven times the 8th part of the eighth horizontal 
line are equal to the whole of the seventh line. 

The eighth horizontal line is equal to eight times 
the 7th partof the seventh line. 

THE 9th part of the ninth Une is equal to the 8lh 
part of the eighth. 

Twice the 9th part of the ninth horizontal line is 
equal to twice the 8th part of the eighth line. 

Three times the 9th part of the nii^th horîzi*ntal 
line are equal to three times the 8th part pf the eiglith 
line. 

Four times the 9th part of the ninth 'horizontal 
lîne are equal to four times the 8th part of the eighth 
line. * 

i^'ive times the 9th part of the ninth horiajontal lîne 
are equal to five times the 8th part of the eighth 
line. 

Six times the 9th part ôf the ninth horizontal line 
^qual to six times the 8th part of the eighth 
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Seven tîmes the 9th part of the nînth horizontal line 
are equal to seven tinies the 8th part of the eighth 
line. 

Eiglit times the 9th part of the nînth horizontal 
liue are equal to the whole of the eîghth. 

The ninth horizontal Une is equal to nine times the 
8th part of the eighth. 

■ 

THE tenth part of the tenth lîn« is equal to the 
9th part of the nînth line. 

Twice the lOth part of the tenth horizontal line are 
equftl to twice the 9th part of the ninth . 

Three tîmes the lOth part of the tenth horizontal 
lincare equal to. three times the 9th part ôf the ninth. 

Four times the lOth part of the tenth horizontal 
line are equal to four times the 9th part of the ninth. 

Five times the 10th part of the tenth horizontal line 
lire equal to five times the 9th part of the nii^th . 

Six tipies the lOthpart of the tenth horizontal line 
are equal to six times the 9th part of the ninth. 

Se^ven times the lOth partof the tenth horizontal 
line are equal to seven times the 9th part of the ninth. 

£igh t times the 1 Oth part of the ninth horizon tallLne 
are equal to eight times the 9th part of the ninth. 

Nine times the lOth part of the tenth horizontal 
line are equal tô the whole of the ninth line. 

The tenth horizontal Une is equal to ten times the 
9th part of the jûnth. 
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SECOND kXERCISK 

FI6. 21 
HORIZONTAL PARALLEL LINES* 

THE upper horizontal Une is parallel to the lower, 
and the lower hor. line is paraUel to the upper, because 
both are equally (ILitant one from another in everj 

part. 

FIG. 22. 

UPRI6HT PARALLEL LINES. 

I 

The firit uprîgA t line it parallel to the second, and 
the second upright line i» parallel to the uni, because 
both are equally distant in every part. 

FIG. 23. 

A RIGHT ANGLE. 

This Rîght Angle is composed of one upright line 
and one horizoatal line. 

The horizontal line is the horizontal sid^ of the 
an^e. 

The upright linè is the upright side of the angle. 

The point where thèse two iuies meet is cailed thj 
Point, or Vertex of the angle. 

FIG. 24. 
TWO RIGHT ANGLES. 

Thèse two Right Angles are formed by one hor 
line and one vertical. 

The first half of the horizontal hne is the hor; side 
of the first right angle. 

The second half of the hor. line is the hor. side of 
the second right angle.. 
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The upriglit line is the uprîcht sîde of tte first right 
angle, and also of the second right angle for which 
reason they a.*e called Adjacent Angles. 

The point where the uprjght line nieets the hor. 
line is caliéd the vertex, or point of both tht se angles, 

FI&. 25. 

The Exercises of this figure are the same as. the 
preceding one. 

Fio. 26. 

POU» RIGHT ANGLES. 

( a ) The Ist right angle, (b) The 2d right angle, 
(c) TheSd right angle, (d) The 4th right angle. 

The first half of the hor. line and the upper half 
of the upright line, are the sides of the first right 
angle, (a) 

The npperlialf of the upright line and the second 
half of the hoi. Une, are the -sides of the second right 
ansle. (b) 

Ihe first half of the hor. and thelower half of the 
upright line, are the sides of the third right an^le. (c) 

1 ne second half of the hoi . and the Tower half of 
the upright line, are sides of the four th right angle, (d) 

The upper half of the upright line is the upright 
side of the first ri^ht angle, and also of the second 
rigdt angle ; thebe two angles are, therefore, adjacent 
to eech other. 

The lower half of the upright line is the upright side 
of the third right angle, and also of the fourtb right 
angle ; thèse two angles are, therefore, adjacent to 
each other. 

The Ist half of the horizontal line is a hor. side of the 
first right angle, and also of the third right angle ; 
thèse angles are, therefore, adjacent one to the other 
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l^hc second halfof the horizontal line is a hor.side 
of the second and iourth right angles ; thèse angles 
»re, therefore, adjacent one to another. 

The point where the uprîght line cuts the hor. line 
is called the vertex, or point of the four right angles. 

The horizontal side of the first rîght angle, and of 
the fourth right angle, are in the same straight line ; 
and the upright side c^ the fîrst right angle is also . in 
the same straieht line with the upright side of the 4th 
right angle ; uiese two angles, in such case, are caHect 
opposite angles one to another. 

rhe horizontal side of the seqpnd right angle is in 
the same straight line with the hor. side of tne thi<-d 
riglit angle, and the qpright side of the second right 
angle is also in the same straight line with the upright 
side of the third right angiej thèse two angles are, 
therefore, said to be opposite one to another. 

FlG. 27. 

». 

OF A SQUARE. 

Thîs four sided figure is formed of four lines. 
Each of thèse four lines is a side of the four sided 
•gure. 

Two of thèse four lines are horîzdhtal. 
Two of the four lines are upright. 

The horizontal lines form the horizontal sides of tlie 
square. 

The upright lines From the upright sidea of the 
square. 

Thcse four lines unitedj form a four sided figure, 
havîiig four right angles. 

The uppcr hor. line and the upright line next the 
left hand, form Ihe^first right angle. 

The uppcr hor. line and the upright line next the 
^v^ht hand, form the second right angle^ 
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he upright line next tlie lefl hand ànd the lower 
i Ûineformthe third right angle. 

The upright îine next the rîght hand and the lower, 
hor. lîtie, fofm the fourth right angle. 

The uppwr extremities of both upright lînesmeet 
the extremities of the upper hor. lineiJbrming the up« 
per angles of the square.. 

The lower extremities of the two upright Unes of 
this square meet the extremities of the lower hor. line 
and form wlth them the lower angles of the squf re. 

The point where the upper hor. line meets the left 
upright line forms the vertex of the left upper angle of 
the square. 

The ^point where the upper hor. line meets the right 
upright line forms the vertex of the right upper angle 
of the square. 

The point where the left upright line meets thu 
lower hor. line, forms the vertex of the left lower 
angle of the square. 

The point where the right upright line meets the 
lower hor, line, forms the vertex of the right lower 
angle of the square. 

The left upper point of junction of this square is 
the vertex ôf the first right angle. 

The right upper point of junction of this square i» 
the vertex of the second rîght angle. 

The left lower point of junction of this square is 
the vertex of the tnird right angle. 

The right lower point of junction of this square 
is thè vertex of the fourth right. angjle. 

Arid^ecause the four angles of this four «ided figure 
are ail four right angles, it is called a right angled 
four sîded figure. Andwhen, moreover, the four 
sides of this ngure are ail equal, ît is called a square. 

That is the upper hor. side is equal to the left 
upright. 
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The left upright side is equal to the low 
The lower hor. is equal to the right up , 
The right upright is equal to the upp^ 

And for tais reason the four-sided figure 

square. 

Fio. 28th. 

AN OBLONa, OR RBCTANOLX. 

This four-sided figure is formed with four straight 
Unes. 

Each of thèse four sides isa side of the four-sided 
figure. 

Of thèse four lines, two are horizontal ; . 

The other two are upright. 

The horizontal lines form the horizontal sides of 
the figure. 

The upright lines fbrm the upright «ides of the 
figure. 

Thèse four lines meet and form a four-sided figure, 
having four riffht angles. 

Theupperhor. Une and the left upright Une forjn 
the first right angle. 

TThe upper hor. Une and the right upright Une form 
the second right an^lé. 

The left upright Une and the lower hor. Une form 
the 3d right angle. 

The riçht upright Une and the lower hor. Une form 
the 4th right angle. 

The upper .extre*nities of the two upright lines 
ineeting the extreroities of the upper hor. Une form the 
two upper angles of the figure. 

The lower extremities of the two upright lines meet- 
he extremities of tbe lower hor. Une form the two 
angles of the figure. 
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The point where the upper horizontal line meetB 
the left upright line, is the vertex of the left upper 

The point where the right upright line meetg the 
upper horizontal line is the vertex of the right upper 
an^e. 

The point where the left upright Une meets the 
left horizontal line is the vertex of ihe left lower angle 
of the square. 

The point where the right upright line meets the 
lower horizontal line is the vertex of the right lower , 
snde. 

The left upper point of j^nction is the vertex of 
the first angle. 

The right upper point of junction is the vertex of 
the second angle. 

The left lower point of junction is the vertex of the 
third right angle. 

The right lower point of junction is the vertex of 
the fourth right angle. , 

The horizontal $ides of this four-sided figure are 
shorter than the upright ones. 

The upper horizontal side of this four-sided figure 
is shorter than the left upright side adjacent to it. 

The upper horizontal side of this four-sided figure 
is shorter than the right upright side adjacent to it. 

The left upright side is greater than the lower hon 
side adjacent to it. 

The, right uprieht side is greater than the lower 
horizontal side acyacent to it. 

The upper horizontal side is t quai to the lower 
hor. side. 

The left upright side is equal to the right upright 
«de. C 
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And because this four*sîded figure is composed of 
two horizontal sîdes, equal to one another, and, also, 
of two upright sides, respectÎTely equal to one another, 
and ail lorming right angles, this figure is called an 
Oblongor Rectangle. 

FI6. 29th. 

THE explanation of this figure is the same as the 
foregoine, only with the différence of changing the 
words Upright & Horizontal, according to the 'différ- 
ence of their position. And it will not bcdifficùlt to 
lead on the mind of the child to conceive that the 
figure described în-No. 28, may be moved so as to lie 
in the position of No. 29 ; by which its actual quan- 
tities will not be altered, but only the position of its 
sides will hare changed places, 

THIRD EXERCISE- 

THE first line contains a séries of Squares divided 
by horizontal Unes. 

The Ist sqUwre,is divided by 1 hor. lineinto 2 equal 
parts. 
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THE second Une oontains a series-of squares dirided 
by upright linef • v 
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The Ist iquare is divided by 1 uprîghtlîi>e înto 2 
equal parts. 

The 2d square is divided by 2 upright lines into 5 
equal parts. , 

3d - - 3 - 4 

4th - - 4.-5 

5 - - 5 ' " 6 

6 - - 6 - - 7 

7 - - 7.-8 
3 - - 8 - - 9 
9 - - 9 - . 10 

Upon the Ist LINE— — Each of the two equal parts 
of thefirst square is a rectangle or obiong, and is 
half of the square* 

EACH of the three equal parts of the second 
Bquare is a rectangle or oblong, and is one-third of 
the whole square. 

Two of thèse equal parts when taken together are 
also a rectangle, or oblong, equal to two-thirds of the 
whole square. 

EACH of the four equal parts of the Sd square 
19 a rectangle or oblong, equal to one-fourth oi the 
whole square. 

Two of thèse equal parts taken together form a rect- 
angle or oblong, equal to 2-4'ths of the whole square. 

Three of thèse equal parts taken together are a 
rectangle or oblong, eqûal to three-feurths of the 
whole square. 

Note. The same should be practîsed ail through 
upon the second line which consists of squares sîmi- 
larly divided by upright lines ; it ii therefore ac- 
counted unnecessary to repeat the détails. 
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E ACH of the five equal parts 'of the fourih square 
is a rectangle or oblongi equal to one-fifth of the whole 
•quar^ 

Two of thèse equal parts taken together are aiso a 
rectangle or oblong, equal to two-fifths of the whole 
■quare. 

Thr«e of thèse equal parts takeh together are a 
rectangle or oblong, equal to 3-5ths of the whole sq. 

Four of thèse equal parts taken together are a rect- 
angle or oblong, equal to four-fifths of the whole sq* 

^EACH Qf4lie six equal parts of the fifth squai'e is 
a rectangle or oblong, equal to l-6th of the wnole sq. 

Two of thèse equal paits taken together are a rect- 
angle or oblong, equal to 2-6ths of tne whole square. 

Thrôet of thèse equal parts taken together are a rect- 
aogle of dblong, equal to â-6ths of me whole square. 

Four oftiiKMie equal parts taken tc^eth^r are a rect- 
an^e or oblong, equal to 4<<-6ths of the whole square. 

Fiye of thèse equal parts taken together are a rect- 
angle or oblong, equal to 5-6ths of tne whole square. 

EACH of the seren equal parts of the sixth square 
is a rectangle or oblong, equal to l-7th of the whole 
square. 

Two of thèse equal p(arts taken together- are-«:téct- 
ande or oblong, equal to 2-7ths of the ^^hok square. 

Three of thèse equal parts taken together are a rect- 
angle or oblong,^qual to 3-7 ths of the whole square. 

Four of thèse equal parts taken together are a rect- 
angle or oblong, equal to 4-7 ths. of tne whole square. 

Five of thèse equal parts taken together are a rect* 
angle or oblong, equal to 5-7 ths. of the whole square. 

Six of thèse equal parts taken together are a rect- 

'le or oblong, equal to 6-7 ths. of the whole square 
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EACH of the eight ecjual parts of the seventh 
square i$ a rectangle or obi ong, equal to l-8th of the 
square* 

Two of thèse equal parts taken together ai*e a rect- 
angle or oblong, equal to ?-8tbs. of the whole square. 

Three of thèse eqiial parts taken together are a rect 
angle or oblong, equal to 3-8ths. of the whole squar* . 

Four of thèse equal parts taken together are-a rect- 
angle or oblong, çqual to 4-8ths of the whole square. 

Five of thèse equal parts taken together are a rect- 
angle or oblong, equal to 5-8 ths of the whole square. 

Six of thèse equal parts taken together are a rect- 
angle or oblong, equal to ()-8ths. of the whole square. 

Seven of thèse equal parts taken together are a rt ct- 
angle or oblong, equal to 7-8ths. of the whole square. 

EACH of the nîne equal parts of the eightb square 
is a rectangle or oblong, equal to l-9th of the whole 
square. 

Two of thèse equal parts taken together are a rect* 
angler or oblong, equal to 2-9th8 of tçé whole square. 

Three of thèse equal parts taken together are a rect- 
angle or oblong, equal to 3-9ths of tne whole square. 

Four of thèse equal, parts taken together are a rect-i 
angle or oblong, equal to 4-i>ths of ine whole square. 

Five of thèse equal parts taken together are a rect- 
angle or oblong, equai to 5-9ths of tne whole square. 

Six of thèse equal parts taken together are a rect- 
angle or oblong, equal to 6-9ths of the whole square. 

Seven of thèse equal parts taken together are a rect- 
angle or oblong, equal to 7-9th8 of the* whole square. 

£ight of the(»e equal parts taken toget^hei are a rect- 
angle or oblong, equal to 8-9ths of the whole square. 



EACH of t;>e t^n e-jual parts of thc ni&th sqiure 
i* a recta '^.;.î- or olluri^, and is 1-lOch of the vhule 

Two of t^Kse e<^nal parts takâi toc^her are a rect- 

%7\'j\*i or o: • » :_'. ♦<; ial to 2- 1 • ths of liie whole $<|uare. 

ifir^-e Dî • ht-v' e. jual parts taken loi;eîher are a rect- 
%i\Si*' <*T ( :;.or.:r. evjdl to :>-î*>h« of the whole square. 

i' onr ot' tîiC-e t-i: I lî piirîï îakt^n toct iher area rect- 
an^He ur ohion»:. e^j^ial to 4-1 v ths of the irhule «quare. 

1- i\V' of t*jcvj eqti tl parts takcn to:xethcr are a rect- 
angle or ohloîîiT, e(|-iai to 5-î'Uhsot the wliole square. 

Six of thc-^e cf ju;il parts tak-.'n tocetlicr are a rect- 
aiîfîle or oWiowir, ecji:al to 6-1' 'ths of the whole s- uare. 

Siîven of tlioe e<jiinl parts taken tc^irether are a rect- 
an;rle or ohlon^r» e<|ual to T-iOtiis of the whole square. 

Ki^'ht of tiif^e CHjiial parts taken to<rt.thor are a rect- 
an^^le or oblonjj, f'(|ual to 8-10:iisof the whole square. 

Nine of thcse cqual parts taken tojether are a rect- 
angle or obloiig, ef|ual to 9-l0th$ of tlie whole square. 

ONE of the two equal parts of the first square, or 
a rectangle, equal to half the square, is greater tlian 
one of the three equal parts of the second square, or 
than a rectangle equal to a third part of the second 
square. 

Two of tlie three equal parts of the second square, 
or a rectangle e(|ual to two-thirds of the second square, 
Î8 greater than one of the two equal parts of the first 
square, or than a rectangle equal to half of the first 
square. 

ITie whole of the first square is greater than two- 
thirrJH of the second square ; or than a rectangle cqual 
-*-third parts of the square. 

ccond square is equal to the first. 
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ONE of thc tliree etpial parti oïthft second square^ 
or a rectangle cqual to one-thîrd of the square, it 
greater than one of thc four equal parts of tue third 
square, or a rectangle equal to a fourth part of the 
third square. 

Two of the four equal parti of thc thîrd square, or & 
rectangle equal to two fourth of the square, ar^ greater 
than one of thc three equal parts of the second square, 
or a rectangle equal to one-third of the square. 

Two of the three equal parts of the second square^ 
or a rectangle equal to two-thirds of the square, are 
greater than two of the four equal parts of the third 
square, or a rectangle equal to two-fourths of the 
square. 

Three of the four equal parts of the third square, 
or a rectangle equal to three-fourths of the square, 
are greater than two of the three equal parts of the 
second square, or a rectangle equal to two-thirds of 
the square. 

The whole of the second square îs greater than three 
fourths of the third square, or than a rectangle equal 
to three-fourth parts of a square. 

The third square is equal to the second. 

ONE ofthe four equal parts of ihe third square, or 
a rectangle equal to one- fourth ofthe square, is greater 
than one of the five equal parts ofthe fourth square, 
or a rectangle equal to one-fifth part of the fourth 
square 

Two of the five equal parts of the fourth squre, or 
a rectangle, equal to two-fifths of the square, are 
greater than onfe of the four equal parts of the third 
square, or a rectangle equal toone-fourth of *^^^ 
square- • . 
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Two of the four equal parts of the 3d square, or a 
rectangle, cqual to 2-4ths of the square, are greater 
than two of the five equalparts of the 4th square, or 
a rectangle equal to 2-.3ths of the square. 

Three of the five equal parts of the 4th square, or 
a rectangle, equal to 3-5ths of the square, are greater 
than two of the four equal parts of the 3d square, or 
a rectangle, equal to 2-4ths of the square. 

Three of the four equal parts of the 3d square, or 
a rectangle, equal to 3-4tlis of the square, are greater 
than three of the five equal parts or the 4th square, 
or a rectangle, equal to 3-5ths of the square. 

Four of the five equal parts of the 4tn square, or a 
rectangle, equal to 4-5ths of the square, are greater 
than tnree oi the four equal parti of the 3d square, or 
a rectangle, equal to 3-4ths of the square. 

The whole of the 3d square is greater than 4-5th8 
of the 4th square, or than a rectangle, equal to 4-5ths 
of the square. 

The 4th square is equal to the 3d. ^ 

ONE of the five equal parts of the 4th square, or 
a rectangle, cqual to l-5th of the square, is greater 
than one of the six equal parts of the 5th square, or 
a rectangle equal to l-6th of the square. 

Two of the six equal parts of the 5th square, or 
a rectangle equal to 2-6ths of the square, are greater 
than one of the five equal parts of the 4th square» or 
a rectangle, equal to l-5th of the square. 

Two of the five equal parts of the 4th* square, or a 
rectangle, equal to 2-5th8 of the square, are greater 
than two of the six^qual parts of the 5tli square, or 
a rectangle tqual t * 2-6ths of the square. 
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Three of the sîx parts of the 5th sg. or a rectangï* 
«t^ual to 3-6th of the sg. are greater than two of Sie 
five parts of the 4th sg. or a rectangle equal to 2..5th 
of the SQ. , 

Three of thé five equal parts of the fourth square» 
or a rectangle equal to 3-5ths of the square are greater 
than three of the six equal parts of the 5th square» or 
a rectangle equal to S-6ths of the square. 

Four of the six equal parts of the 5th square, ôr & 
rectangle, equatto 4-6 ths of the square, are greater 
than three of the five equal parts of tne 4<th square, or 
a rectangle, equal to S-5ths of the square. 
_ Four of the five equal parts of the 4th square, or a 
rectangle equal to 4f-5ths of the squaie, are greater 
than four of the six equal parts of the 5th square, 
or a rectangle equal to 4-6ths of the square. 

Five of the six equal parts of the 5th square, or a 
rectangle eaual to 5-6ths of the square, are greater 
than four oi the five equal parts of the 4th square, or 
» rectangle equal to 4-5ths of the square. 

The whole of the 4th square is greater than 5*6Ùkê 
of the 5th square, or a rectangle equal to 5-6ths of 
.thesguare. 

'ÎW ôth square is equal to the 4th. 
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ONE of the six equal parts of the 5th square, or a 
rectangle, equal to l-6th of the square, is greater than 
one of the seven equal parts of the 6th square, or a 
rectangle, çqual to l-7th of the square. 

Two of the seven equal parts of the 6th square, or 
a rectangle equal to 2-7 ths of the square, are greater 
than one of the six equal parts of the 5th square, or 
a rectangle equal to l-6th of the square. 
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Two of the six equal parts of the 5th square, or « 
ï^clangle equal to2-6ths of the square, aregreaterjthan 
two of the seven equal parts of the 6th square, or a 
rectangle equal to 2-7th8 of the square. 

Threebf the seven equal parts of the 6th square, 
or a rectangle, equal to 3-7 ths of the square, are 
greater than two of the six equal parts of the 5th 
square, or a rectangle, equal to 2-6ths of the square. 

Three of the six parts of the 5th square, or a rect- 
angle equal to 3-6ths of the square, are greater than 
three ot the seven parts of the 6th square, or a rect- 
angle equal to 3-7 ths of the square. 

Four of the seven parts of the 6th square, or a rect- 
angle egual to 4?-7ths of the square, are greater than 
three otthe six parts of the 5th square, or à rectangle 
equal to 3--6ths of the square. 

Four of the six parts of the 5th square, or a rect- 
angle equal to 4-6ths of the square, are greater than 
fiiur of the seven parts of the 6th square, or a rectangle 
equal to 4-7ths of the square. 

Five of the seven parts of the6th square, or a rect- 
angle equal to 5-7 ths of the" square are greater than four 
of the six parts of the 5th square, or a rectangle equal 
to 4-6tbs of the square. 

Five of' the six parts of the 5th square, or a rect- 
angle equal to 5-6ths of the square, are greater than 
five of the seven parts of the 6th square, or a rectangle 
equal to 5-7ths of the isquare. 

Six of the seven parts of the 6th square, or a rect- 
angle equal to the 6-7 ths of the square, are greater than 
five of the six parts of the 5th square, or a rectangle 
equal to 5-6 ths of the square. 

Thé whole of the 5th square is greater than 6-7th« 
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ot the 6th square^ or a rectangle equal to 6-7tha of tk# 
square. 
The 6th square is equal to the 5th. 

ONE of the seven equal parts of the 6th squate, or 
a rectangle equal to l-7th of the square, is greater than 
one of tne eight equal parts of the 7th square, or a 
rectangle eoual to the 8th part of the square. 

Two of tne eîghi parts of the seventn square, or a 
rectangle equal to 2-8ths of the square, are greater 
than one of the seven parts of the 6th square, or a 
rectangle equal to l-7th of the square 

Tvro of the seven parts of the 6th square, or a rect- 
angle equal to 2-7 ths of the square, are greater than 
two of tne eight equal parts of the 7th square, or a 
rectangle equal to 2-8th of the square. 

Three of the eight parts of the 7th square, or a 
rectangle, equal to the 3-8ths of the square, are greater 
than two of the seven equal parts of the 6th square, 
or a rectangle equal to 2-7 ths of the square. 

Three of the seven parts of the 6tn square^ or a 
rectangle equal to 3-7 ths of the square, are greater 
than three of the eight parts of the 7th square, or a 
rectangle equal to 3-8ths of the square. 

Four of the eight parts of the 7th square, or a 
rectangle equal to 4-8ths, are greater than three of 
the seven parts of the 6th square, or a rectangle equal 
to 3-7ths of the square. 

Four of the seven parts of the 6th square, or a rect- 
angle equal to 4-7 ths of the square, are greater than 
four df the eight parts of the 7th square, or a rect- 
angle equal to 4-8ths of the square. 

Five of the eight paits of tne 7th square or a rect- 
angle, equal to 5-8thf of the square, are greater than 
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four of the seven parts of the 6th squareg or arect* 
angle equal to 4-7tns of the square. 

Five of the seven parts of the6th square or a rect- 
angle equal to 5-7ths of the square, are greater thaa 
five of the eight parts of the 7th square, or a rect- 
angle equal to 5-8ths of the square. 

Six of the eight parts of the 7th square^ ot a rect- 
angle equal to 6-8ths of the spuare, are greater than 
five of the seven parts of the 6th square, or a rect- 
angle equal to 5-7ths of the «quare. 

Six of the seven parts of the 6th square, or a rect- 
angle equal to 6-7ths of the square, are greater than 
six of the eight parts of the 7th square, or a rectangle 
equal to 6-8tns of the square. 

The whole of the 6th square îs greater than 7-8ths 
of the 7th square, or than a rectangle equal to 7*8th 
part of the square. 

The 7th square îs equal to the 6th. 

ONE of the eight equal parts of the 7th square, or 
a rectangle equal to l-8th of the square, is greater than 
one of the nine equal parts 6f the 8th square, or a 
reetangle equal to l-9th of theSth square. 

Two of the nine parts of the 8th square or a rect • 
angle equal to 2-9ths of the square, are greater than 
one ofthe eight parts of the 7tn square, or a rectangle 
equal to l-8th of the square. 

Two of the eight parts of the 7th square, or a rect- 
angle equal to 2-8ths of the SQ., are greater than two 
of the nine parts of the 8th sq., or a rectangle equal to 
2-9thsof thesg. 

Three of the nine parts of the 8th sq., or a rectangle 
equal to 3-9thsof the sq., are greater than two of tne 
eight parts of the 7th sg, or a rectangle equal to 2-8tht 
ot the square 
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^hree of the eîglit parts of th© 7th square, or a 
rectangle equal to 3-^th» of the 7th square, are greater 
than thfce of the ni ne equal parts of ihe 8tli square, or 
a rectangle equal to 3-^tlîs of the scjuare. 

Four of the nine parts of the Mh f quare, or a rect- 
angle equal to 4-9ths of the 8th square, are greater 
tlian threeof the eight purts of the '. th «q/iare, or a 
rectangle equal to S-8ths of the 7th squ;;re. 

Four of the eight parts of the 7th square, or a rect- 
angle equal to 4-8ths of the 7th square, are greater 
tban four of the nine parts of the 8th square, or a 
rectangle equal to 4-*Jths of the 8th square. 

Tive of the nine parts of the 8th square, or a rect- 
angle equal to/.5 9th8 of the ^-tb s(|uare, are greater 
than four of the eight parts of the 7th ^ square, or a 
rectangle equal to 4-8ths ofsthe 7th square. 

Five of the eight parts of the 7ih square, or a rect- 
angle equal to 5.8ths of the 7th square, are greater 
than five of the nine parts of the 8th square, or than 
a rectangle equal to 5-9ths of the 8th .square. 

Six of the nine parts of the 8th square, or a rect- 
angle equal to ()-9ths of the 8th square, are greater 
than five of the eight parts of the 7th square, or than 
a rectangle equal to ,)-8ths of the 7th square. 

Six or the eight parts of the 7th square, or a rect- 
angle equal to 6-(Sths of the 7th square, are greater 
than six of the nine equal parts of the 8th square, or 
a rectangle equal to6-9th8 of the 8th square.- 

Seven of the nine parts of the Sth nquare, or a rect- 
angle equal to 7-9ths of the Sth squure, are greater 
than six of the eight parts of the Vth square, or a 
rrctangle equul to 6-8tbs of the 7th square. 

D 
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Seven of the eîght equal parts of the 7th 8quju*e, 
or a rectangle equal lo 7-8ths of the Tth square, are 
greaterthan seven of the niiie parts of the 8th square, 
or tlian a rectangle equal to 7-9ths of the 8th square. 

Eight of the uine parts of the 8th square, or a rect- 
angle equal to 8-9ths of the 8th square, jare greater 
than seven of the eight parts of the Tth square, of a 
rectangle enual to 7-8ths of the Tth square. 

The whoie of the Tth square is greater than 8-9ths 
of the 8th square, or than a rectangle equal to 8-9ths 
of the 8th square. 

The 8th square is equal to the Tth. 

ONE of the nîne equal parts of the 8th square, ' or 
a rectangrie equal to l-9th of the 8th square, is greater 
than one of tne ten equal parts of the 9th square, or 
a rectangle equal to 1-1 Oth of the9th square. 

Two of the ten parts of the 9th square, or a rect- 
angle equal to 2-lOthsof the 9th square, are greater 
than one of the nine parts of the 8th square, or than 
a rectangle equal to l-9th of the 8th square. 

Two of the nîne parfs of the 8th square, or a rect- 
angle equal to 2-9(hs of the 8th square, are greater 
than two of the ten parts of the 9th square, or a rect- 
angle equal to 2-lOths of the 9th square. 

Three of the ,ten parts of the 9th square, or a rect- 
angle equal toS-lOtns of the 9th square, are greater 
than two of the nine parts of the 8th square, or a rect- 
angle equal to 2-9ths of the 8 th square. 

Three of the nine parts of the 8th square, or a rect- 
angle equal to 3-9ths of the 8th square, are greater 
than three of the ten parts of the 9th square, or a 
rectangle equal to 3-iOths of the 9th square. 

Four of tne ten partsof the 9th square, or a rect- 
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angleequalto4-10thsof the9th square, are greater 
dian three of tiie nine parts of the âtli sqi^are» or a 
rectangle equal to S-9ths of the 8th square. 

Four qC the nine parts of the 8th square, or a rect- 
angle cqual to 4-9ths of the,f:th square, are greater 
ihan four of the ten parts of the 9th square, or a rect- 
angle equaito 4-10th»of the 9th square, 

Five of the ten partH of the 9th square, or a rect- 
angle equal to 5-l()ths of the 9th square, are greater 
than four of the nine parts of the 8th square, or than 
a rectangle equal to 4-9ths of the 8th s(]uare. 

Five of the nine parts of the 8th square, or a rect- 
angle equal to 5-9ths of the 8th square, are greater 
than five ôf thé ten parts of the 9th square, or a rect- 
angle equal to .^-lOths of the9th square. 

8ix of the ten parts of the 9th square, or a rect- 
angle equal to r>-;o(li» of the 9th square, are greater 
than five of the nine parts of the 8tn »*quare, or than 
a rectangle equal to 5-9ths of tlie 8tl) hquare. 

Six of the Mine parts of thf^ 8th square, or a rect- 
angle (^qual to 6-9th6 of the 8th square, are greater 
than six of the ten parts of the9lh square, or aiect- 
angle equal to 6-lOths of the 9th square. 

Seven of the ten parts of the 9tL square, or a rect- 
angl» equal to T-lOths of the 9th square, j^re greater 
than bix of the nine parts of the 8th square, or a rect- 
angle equalto'(i-9ths of thc8th square. 

Seven of the niimpart» pf the 8th square, or a rect- 
angle eqlial to 7-9ths of the 8ih çiquare, are greater 
than seven of the ten parts of the 9tli scjuaro, or a 
rectangle equal to 7-lOths of the 9th square. 

£ight of the ten parts of the 9th square, or a rect- 
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angle eqiial to 8-lOths pf- thc 9th square, are greatcr 
thari seyen of the nine parts of the 8tli square, or a 
rectangle equal to 7-9ths of the 8th square. 

Eiglit of the nine parts oftheSth square, or a rect- 
angle equal to 8-9 th s of the 8th square, are greater 
than eight of the ten parts of the 9th square, or a 
rectangle equal to 8-lOth/ïof the 9tli square, 

Kiue of the ten parts of the 9th square, or a rect- 
angle equal to 9-lOthb of the 9th square, are greater 
thai> eight of the nine parts of the 8tt^. square, or a 
rectangle equal to 8-9ths of thc 8th square. 

The whole of the 8tli square is greater than 9-10th$ 
of the 9th square, or a rectangle equal to 9-lOths of 
the f)th square. 

The 9th square is equal to tlie 8th. , 

ONE of the ten equal parts of the 9th square, or a 
rectangle equal to 1-1 Oth of the 9th s juare, is less 
thau oneof the nine equal parts of the 8th square, or 
a rectangle equal to l-9th of the 8th square- 

Two of the ten equal parts of the9th square, or a 
rectangle equal to 2-lOths ot the 9th square, are Icsb 
than^two of the nine equal parts of the 8th square, or 
a rectangle equal to 2-9ths of it. 

Three of the ten parts of the 9th square, or a rect- 
angle equal to 3-lOths of the 9th square, are less thaii 
three of the nine parts of the 8lh square, or a rect- 
angle equal to 3-9ths of it. 

Pour of the ten parts of the 9th square, or a rect- 
angle equal to 4-lOths of the 9th square, are less than 
four of the nine parts of the 8 th square, or than a 
rectangle equal to 4-9ths of it. '" - 

Fiveof the ten parts of the9th square, or a rect- 
angle equal to 5-lOths of the 9th square, are less lluui 
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five of the niiie parts ofthe 8lh square, or a rectangle 
equal'to 5-9ths- of it. 

Six of the t<Mi parts of the 9th sqnnre, or a rect- 
angle equal to 6-lOths ofthe 9th square, are less thaii 
six of the niiie parts of the 8th square, or a rectangle 
equal to 6-9thsof it. 

Seven of the-teii parts of tlie 9th square, or a rect- 
angle equal to 7-lOtlis of the 9th square, are less than 
seven of the nine parts of the 8th square, or than a 
rectangle equal to 7-9ths of it. 

Eight of the.ten parts of tlie 9th square, or a rect^ 
angle equal to 8-lOths of the 9th square, are less than 
eij^ht of the nine parts of the 8th square, or than a 
-rectangle equal to 8-9ths of it. 

Nine of the ten parts of the9th square, or a rect- 
angle equal to 9-lOths of the"9tli squar^e, are le.ss than 
the whole of the 8th square. 

And the two squares are equal, 

ONE of the nine equal parts of the 8th square, or 
à rectangle equal to l-Dth of the whole square, is less 
than ouç of the eight equal parts of the 7th square, 
or than a rectangle equal to l-8th of the square. 

Two of the nine parts of the 8tii s(]nare, or a rect- 
angle equal to2-9ths of the 8lh square, are less than 
Jtwn oi the eight part^ of the Tth squa're, or than a 
rectangle equal to 2-8ths of . it. 

Threeof the nine parts ofthe 8th square, or a rect- 
angle equal to 3-9ths.of the 8th sqiiare, are less than 
three of the eight parts of the 7th squure, or than" a 
rectangle equal to 3-8ths of it. 

Four of the nine parts of the 8th square, or a rect- 
angle equal to 4-9thsof the 8th square, are lesg than 
four of the eight parts of the 7th square, or tlian a 
- ' le equal to 4-8 ths of it. 
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Fivc of the nine equal parU of the 8th nquare, or à 
rectangle eaual to 5-9th8 of the 8th square, are less 
than nve oi the eight eaiial parts of the 7th square, 
or than a rectangle equal tu 5-8ths of the 7th square. 

Six of the nine parts of the Sth square,' or a rect- 
angle equal to 6-9ths of the Sth square, are less than 
six of the eight parts of the 7tfa square, or than a rect* 
angle equal to 6-8ths of it. 

Seven of the nine parts of the 8th square, or a rect* 
angle equal to '7-9ths of the 8th square, are less thaA 
seven ot the eighi parts of the 7th square, or than a 
rectangle equal to 7-8ths of ît, 

Eight of the nîiie parts of the 8th square, or a rect- 
angle, equal to 8-9ths of the 8th square, are less than 
the whole of the 7th square. 

And the whole of the 8th square is equal to the 
whqle of the 7th. 

ONE of the eight equal parts of the 7th square, or 
a rectangle equal to 1 -Sth of the 7th square, is less 
than one of the seven equal parts of the 6th square, 
or a rectangle equal to K7th of the 6th square. 

Two of the eight parts of the 7th square or a rect- 
angle equal to 2-8ths of the 7th square, are less 
ihantwo of the seven parts of the 6th square, or a 
rectangle equal to2-7ths of it. 

Three of the eight parts oYthe 7th square or a rect- 
angle equal to S-Stns oi the 7th square, are less than 
three of the seven parts of the 6th square, or a rect- 
angle equal to 3-7ths of it. 

Four of the eight parts of the 7th square, or a rect- 
angle equal to 4-8ths of the 7th square, are less than 
four of the seven parts of the 6th square, or a rect- 
angle equal to 4î-7ths of it • 



♦3 

Five of thc eight equal part» of the 7th square or a 
rectangle equal to 5-8th8 of the 7th square, are Jess 
tban five of the seven equal parts of the tjtb square, 
or a rectangle equal to 5-7 ths of it. ' 

Six of tne eîglit parts of the 7th square, or a rect- 
angle equal to 6-8tns of the 7th square, are less than 
six of the seven parts of the 6th square or a rectangle 
equal tÔ 6-7th8 of it 

Seven of the eig^t parts of the 7th square or a rect- 
angle eoual to 7-8ths of the 7th square, aie less than 
the whole of the 6th square ; 

And the whole of the 7tli square is equal to the 
whole of the 6th. ' ^ ' 

s ONE of the seven equal parts of the 6th square, or 
a rectangle equal to l-7th of the 6th square, is less 
than ouc of the six equal parts of the 5tn square, or 
a rectangle equal to l-6th of the 5th square. 

Twoof the seven parts t)f the 6th square, or a rect- 
angle equal to 2-7ths of the 6th square, are less than 
two of the six parts of the 5th square, or a rectangle 
equal to 2-6ths of it. 

Xhree of the seven parts of the 6th square, or a 
rectangle equal to S-7ths of the 6th square, are less 
than three of the six parts of the 5th square, or a 
rectangle equal to 3-6ths of k. 

Four of the seven parts of the 6th square or a rect- 
angle equal to 4-7ths of the 6th square, are less than 
four of the six parts of the 5th square, or a rectangle 
equal to é-Gthh ol it. 

Five of the seven parts of the 6th square, or a rect- 
angle equal to 5-7ths of the 6th square, are less than 
five of tue six paris of the 5th square, or a rectangle 
e(|ual to 5-6ths of it. 
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Six of the sevcn eqnal parts of-tlie 6t\\ square or a 
rectangle eqiial lo (>-7tbs ol" the (îth s()uare, aje less 
than the whole of the .'tli square; 

And the whole of the 6th square is equal to tlie 
whole of -the ôth square. 

ONE of the six equal parts of the .>tli sqijare, or a 
rectangle equal to I-(^lh of the .'th square, js less ihaii 
one of the hve equal parts of the 4th square or a roct- 
anfTle equal to l-Z.thof the 4th square. 

Two of the six parts of the 5th square or a rect- 
angle equal to !2-Lthsof the^5th square, are less than 
two of the live parts of the 4:tli square, or a rectangle 
equal to 2-.vths of it. 

Three of the i-ix parts of the, 5 th square, or a rect- 
angle equal to 3-Cths or tlie ^'fh square, are kss than 
three of the fi ve parts ofthe 4th square, or a rectangle 
equal to 3-.Hhs of it. 

Four of the six parts of' the ,Ctli squarç, or a rect- 
angle equnl to 4-Cths of the .ith square, are kss than 
four of ihe five parts of the 4th square, or arectarigle 
, equal to 4-5ths of it. 

Five of the six parts of the 5th square, or a rect- 
angle equal to 5-6ths of the 5tli square, îire less than 
the whole of the 4th square. 

The whole of the 5tîi square is equal to the whole 
of the 4th. 

ONE of the five equal parts of the 4th square, or 
a rectangle equal to l-5th of the 4th square, is less 
than one of the four parts of the 3cl square or a rect- 
angle equal to l-4th of the 3d square. ' 

Two of the five parts of the 4th square, or- a rect- 
angle equal to 2-5ths ofthe 4th square, are less thaii 
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two of tîic four parts of the 3d square, or â rectangle 
equal to S-^thsfof it. 

Three of the five parts of the ^th square, or a rect- 
angle equal to 3-5ths of the 4th square, are less than 
three of the four parts of the ,^d square, or a rectangle 
equal to 3-4 ths of it. 

Four of the five parts of the Ath square, or a rect- 
angle equal to4-5ths of the 4th square, are less thari 
the whole of the 5d. 

The whole of the ith square is equal to tUe whole 
of the Sd. 

ONE of the four equal parts of the 3d square, or a 
rectangle eaualto l-4th of the 3d square, is less thaii 
one of the three equal parts of the second square, or 
a rectangle equal to l-3d of the 2d square. 

Two of the four parts of the 3d square, or a rect- 
angle equal to 2-4ths of the. 3d square, are less than 
two of the three parts of the 2d square, or a rect- 
angle equal to 2-3ds of it. 

Three of the four parts of the Sd square, or a rect- 
angle equal to 3-4th9 of Ihe 3d square, ore less than ' 
ihe whole of the 2d square. 

The whole of the Sd square is equal to the whole of 
the 2d. 

ONE ot the three equal parts of the 2d square, or 
a rectangle equal to l-3d of the 2d square, is less than 
one of the two equal parts of the Ist square, or a rect- 
angle equal to one half of the Ist square. 

Two of the three parts of the 2d square or a rect- 
angle equal to 2-3ds of the2d square, are less than the 
wlicle of the Ist square. 

The whole of the 2d square is equal to the whole of 
the 1 st square. 
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FOURTH EXERCISE. 



THIRV LINS OF SQUARES. 
F1R8T SQUARE. 

THIS square is divided by one horizontal Une into 
two equsl rectangles, and thèse two equal rectangles 
are also divided by one upright line into four lesser 
mnd equal squares. 

SECOND SQUARE. 

THIS square îs divided by two horizontal Unes 
into three equal rectangles, which are also divided by 
two upright Unes into nine lesser and equal squares. 

THIRD SQUARE. 

THIS square is divided by three horizontal Unes 
întotbur e^^ual rectangles, which are also divided by 
three upright Unes into sixteen lesser and equfld 
squares. , 

FOURTH SQUARE. 

THIS square is divided by four horizontal Unes 
into five equal rectangles, which are also divided by 
four upright Unes into twenty-five lesser anJ equal 
squares, 

riFTH SQUARE. 

' THIS square is divided by five horizontal Unes 
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înto six equal rectangles, which are. also divided by 
five upright lînes into thirty-six lasser & equal squares. 

SIXTH SQUARE. 

THIS square îs divided by six horizontal Unes into 
seven equal rectangles, which are also divided by six 
upright Unes into torty-nine lesser and equal squares. 

SEVENTH SQUARE. 

THIS square is divided by seven horizontal Unes 
into eight equal rectangles, which are also divided by 
seven upright Unes into sixty-four lesser and equal 
squares. 

EI6HTH SQUAtlX. ' 

THIS square is divid^ed by eight horizontal Unes 
into nine equal rectangles, wnich are also divided by 
eight upright Unes into eighty-one lesser ând equal 
squares. 

NINTH 'SQUARE. 

> 

THIS square is divided by nine" horizontal liiiCS 
into ten equal rectangles, which are also divided by 
nine upright Unes into onehundred lesser «nd equfu 
squares. 

F^IRST SQUARE* 

TWO of thèse lesser squares taken horizontaUy 
adjacent to «each other, form a half of the whole square, 
and also form a rectangle whose height is half its 
len|^h. 

Twice two of thèse lesser squares taken horizontally 
adjacent to each other, fofm the whole square. 



4S 



SECOND SQUARE. 

THREE of thèse nine Içsser squares taken horizon- 
tall) adjacent to each otiier, form a third part of the 
square, and also for.n a rectangle jvhose heig|}t isone- ^ 
third of its len^th. 

Twice three of thèse lesser squares taken horizon- 
taîiy adjacent, aretwo-tliirdsof the whole square, and 
form a rectangle whose height is equal to 2-3ds of its 
lengtb. 

Three times three of thèse lesser squares taken ho- 
rîzontaJly a^ljacent, form the whole «econd square. 

THIED SQUARE. 

i 

FOUR of thèse sixteen- lesser squares taken horizon- 
tally adjacent to cacli other, form a fourth part of the 
square, and also fiirm a rectangle, whose height is equal 
to one-fonrth of its Icngth. 

Twice four of thes.c lesser -s^quares taken horizontally 
adjacent, are two-fourths of the whole square, and 
form a rectangle whoje height is equal to two-fourths 
of its length 

Three times four of thèse lesser squares taken, up- 
right or horizontally adjacent, are three-fourths of the 
whole square, and fornï" a rectangle whose height is 
equal to three-fourths of its length. 

Four times four of thèse lesser squares taken hori- 
zontally adjacent, form the whole third square. 

' FOURTH SQUARE. 

FIVE of thèse twenty-five' lesser squares taken ho- 
rizontally adjacent to^ach other form a fifth part of 



the uçMtf ftnd alio % rectmgle wboie hefght \% 
equal to one-fifth of iU length. 

Twice five of thèse lesser squares^aken horizontally 
adjacent) are two-fifths of the whole square» and form 
a rectangle wbose he^ht is equial to two«^ha of ita 
length. 

Three tunes five of theee lesser squares taken Y v 
rieoDtally ac^aeent» are S«*5th8 of the whole square^ 
and form a rectangle whose height is equal to S-5tha 
of its length. 

Four times five of thèse lesser squares taken hori- 
zontally adjacent, are 4-5ths of the whole square, and 
form a rectangle whose height is equal to 4«5th8 of 
ito length. 

Five timcs five of thèse lesser squares taken hori- 
zontally and vertically adjacent» form die whole 4th 
•quare. . * 

PIFTH SQUARE, 

SIX of thèse thirty-six lesser squares taken hori- 
ssontally adjacent to each other, are a 6th nart of the 
square, and form a rectangle whose heignt is equal 
to l^tb of iU length. 

Twice six of thèse lesser squares taken horizontally 
adjacent, are 2-6ths of the whole square, and form a 
rectangle whose hejght is equal to 2-<6ths of its 
length, 

rhree times six of thèse lesser squares taken hori* 
zontally agacent* are S«6ths of the whole square, and 
form a rectangle whose height is equal to S-6ths of ita 
lenffth. 

Four times six of thèse lesser squares taken hoi^ 

£ 
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sontally adjacent, are4-6ths of tfie wholé square, and 
form a rectangle whose height is equal to 4-6ths of its 
length. 

Five times six mf thèse lesser ' squares taken hori- 
zontally adjacent to each other, lure 5-6ths of the 
whole square, and form a rectangle whose height is 
equal to 5-6ths of its length. 

Six times six of thèse lesser squares taken hori- 
zontally and vertically adjacent, form the whole 5th 
square. 

SIXTH SfiOABI. 

SEVEN of thèse forty-nine lesser squares taken 
horizontally adjacent to each other, are a 7th pMt of 
the square, and form a rectangle whose height is 
equal to l-7th of its length. 

Twice seven of thèse lesser squares taken horizont- 
ally adjacent, are 2-7th8 of the whole square, aûd form 
a rectangle whose heigbt is equal to 2-7ths of its 
length. 

Three times seven of thèse lesser squares taken ho- 
rizontally adjacent, are S-7thi8 of the whole square^ 
and form a rectangle whose height is equal to 3-7 ths 
of its len^h. ' 

Four times seven of thèse lesser squares taken ho- 
rizontally adjaceut, are 4-7th8 of the whole square, 
and form a rectangle whose height is equal to 4-7ths 
of its length. 

Five times sev^i of thèse lesser squares taken hori- 
zontally adjacent, arc 5-7ths of the whole square^ and 
form a rectangle whose height is equal to S»7ths of 
ijts length. 

Six times seven of thèse lesser squares taken hori< 
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zontally. adjacent to each other, are 6*7th& of ihe 
whole square, and forma rectangle whose height is 
equal to 6-7ths of its length, 

Seven times seven of tnese lesser squares taken ho- 
rizontally and veftically adjacent, form the whole 6th 
square. 

SEVENTH SQUARE. 

EIGHT of thèse sixty*four lesser squares taken 
horizonta]ly adjacent, are an 8th part of the square, 
and form a rectangle whose neight is equal to 
l-8th of its length. 

Twice éight of thèse lesser squares taken horizont- 
ally adjacent, are 2«8ths of die whole square, and 
form a rectangle whose height is équal to 2-8ths of 
iu length. 

Three times eight of thèse lesser squares taken hori- 
zontally adjacent, are 3-8ths of the whole square, and 
form a- rectangle whose height is equal to 8-8 ths of 
its length. 

Four times eight of thèse lesser squares taken hori- 
zontally adjacent, are 4-8ths of the whole square, and 
form a rectangle whose height is equal to 4-8ths of 
its length. 

Five times eight of thèse lesser squares tàkert hori- 
zontally adjacent, are 5-8ths of the whole square, and 
form a rectangle whose height is equal to 5-8ths ôf its 
length. 

Six times eight of thèse lesser squares taken hori- 
zontally .adjaceut, are 6-8ths of the whole square, and 
form a rectangle whose height is equal to 6-8thsxof iU 
length. 
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Six tîmes ten of thèse lesser squares iaken hori- 
zontally adjacent, are 6-lOths of the whole square, and 
torm a rectangle whose height is equal to 6-lOths of 
its length. 

Seven times ten of thèse lesser squares, taken horî- 
zontally adjacent, are 7-lOths of the whole square, 
and form a rectangle whose heîght is equal to 7-lOths 
of its length. 

Eight tîmes ten of thèse lesser squares tàken hori- 
zonlally adjacent, arc 8-lOths of the whole square, 
and form a rectangle whose height is equal to 8-lOths 
of its length. 

Nine times ten of thèse lesser squares taken horî- 
zontally adjacent, are9-10ths of the whole square, 
Bnd form a rectangle whose height is equal to 9-lOths 
of its length, 

Ten times ten of thèse lesser squares taken horî- 
zontally and vertically adjacent, form the whole ninth 
square. 

Sd section, . , 
first square. 

TWO of thèse four lesser squares taken vertically ad- 
jacent, are half of the whole square, and form a rect- 
angle whose length h equal to half its height. 

Twice two of thèse lesser squares taken vertically 
and horizontally adjacent, compose the whole square. 

SECOND SQUARE. 

THREE of thèse nine lesser squares taken verti- 
cally àc^acent are a third part oi the square» and 



55 

form a rectangle whose length is equal to a third part 
oï its beight. 

Twice three of thèse leiser squares, taken vertî- 
cally adjacent, are 2-3ds of the whole square, and 
form a rectangle whose length is equal to 2-3d parts 
of its heigbt. 

Three times three of thèse lesser squares taken 
vertically and horizontally adjacent, form the second 
square. 

THIRD SQUARE. 

FOUR of thèse rixteen lesser squares, taken verti- 
caUy adjacent, are l-4th of the square, and form a 
rectangle whose length is equal to 1-éth of its height. 

Twice four of thèse lesser squares, taken vertically 
adjacent, are 2-4ths of the square, and form a rect- 
angle whose length is 2-4ths of its height. 

xhree times four of thèse lesser squares, taken ver- 
tically adjacent, are 3-4ths of the sqaare, and form a 
rectangle whose length is .'^•éths of its height. 

Four times four of thèse lesser squares taken ver- 
tically and horizontally adjacent form the third 
square. 

Note. It îs évident that the lessons on the rect- 
angles, composed of the lesser squares taken verti- 
caUy, may be continued as in the case of their hori- 
zontal position^» without the détails being farther re- 
peated. 



FIFTH 



Au. A Ime orseries of rectangles. 

Tbe beight of the Ist rectangle is equal to half of 
ils IcTî^th» 

The hdgfat of the 9d rectangle is eqaal to the 3d 
partof its length. 

Tbe height of the 3d rectai^le is equal to the 4th 
part of its length. 

The height of the 4th rectangle keqoal to the 5th 
part of its kngth. 

The heîgfat ci the 5th rectan^ is eqnal to the 6th 
part of its length. 

The height of tlie 6th rectangle isequal to the 7th 
part of its length. 

The height of the 7th rectangle is equal to the 8th 
part of its length. 

The height of the 8th rectangle is equal to the 9th 
part of its length. 

The height of the 9th rectangle is equal to the lOth 
part of its length. 

IST SECTION. 

B. A Une or séries of straight Unes which are nei- 
ther upright nor horizontal ; thèse Unes wre called 
ObUque or Slanting. 

2d section. 

ALL theté slanting Unes are within th^r respective 
^tted rectatigles. 
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' THE Ist of ihese slantînc Unes is wîthin a Dectaîi* 
gle, whose height is cqaal to naïf its length. 

The 2d slanting line is within a rectangle whose 
height is equal to tbe âd part of its length. 

The 3d slanting line is withiq a rectangle whose 
height is equal to the 4th part of its length. 

The 4th 4anting line is within a rectangle whose 
he^hit is equal to the Hh part of its length. 

The 5th slanting line is within a rectangle whose 
height is equal to the 6th part of its length. 

The 6th slanting line is within a rectangle whose 
height is equal ta the 7th part of its lengtb. 

The 7th slanting line is within a rectatiglie^ whose 
height is equal to the 8th part çf its length. 

The 8th slanting Une h within a rectangle, whose 
faeii^t is equal to the 9th part of its leftgth. 

The 9th Slanting line is within a rectangle, whose 
height is equal to the lOth paît of its lengUi. 

4th section* 

. ALL-these slanting Unes ran from the left hand 
towards the right, in the rectangles in which they are 
oontaincd ; they are, therefore called ^ Lines slanting 
upwards from left to right." 

5th sECTioir. 

' ALL thèse slanting Unes begin from the left lower 
angle of the rectangfe in which they are contained, 
sikd end at tbe rigrht upper angle of the rectangle, cut- 
dngtheir respective rectangfes &om the Im lower 
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ftnde to the right upper angle. They are^ tlierefore, 
colled *' tbe Diagonal Unes of the Rectangles, ascend* 
iiig from left to right. 

6th section. 

THE Ist of thèse slantmg Unes is a diagonal, as- 
cending from left to right in a rectangle, whose height 
is half its length. 

Tlie 2d of thèse slanting Unes is a diagonal ascend- 
ing from left to right, in a rectangle, whose height is 
a thirdpart of its length. 

The Sd of thèse slanting linesls a diagonal, ascend- 
ing from left to right in a rectangle, whose height is 
a fourth part of its length. 

The 4th of thèse slanting Unes is a diagonal ascend» 
ing from left to righi in a rectangle, whose height is 
a nfth part of its kngth. 

Tbe 5th of thèse slanting Unes is a diagonal ascend- 
ing from left to right in a rectangle, whose height is 
a sixth part of its length. 

The 6th of thèse slanting Unes is a diagonal, ascend- 
ing from left to right in a rectangle, whose height is a 
seventh part of its length. 

The 7th of thèse slanting Unes is a diagonal, as* 
cendingfrom left to right in a rectangle, whose height 
'is an eighth part of its length. 

The 8th of thèse slanting Unes is a diagonal, as« 
cending from left to right in a rectangle, whose height 
is a ninth part of its length. 

The 9th,of thèse slanting Unes is a diagonal, as* 
cending from left to right in a rectangle, whose height 
iâ a tenth part of its length. 



S9 
IST SECTION. 

C. A.liney or séries of diagonals* 

tO SECTION. 

iJACH of thèse diagonals ascend from the tUiit 
hand toirards the left ; tliey are, therefore, called ** Di- 
aecm^ asceadin^; or slanting upwards to the left^'* 

Sd sectiom. 

EACH of thèse slanting lines ascends with the 
same inclination from the right to the left, as the di- 
agonal immediately abore it did from lett to right, 
only in opposite directions. 

4th section. 

THE Ist of thèse diagonals slants upwards from 
riffht to left with the same inclination that the disgo- 
nai immediately above it slants upwards from left to 
right in a rectangle, whose height is half its length. 

The 2d of thèse diagonals slants upwards from 
right to left with the same inclination that the di- 
agonal immediately abore it slants upwards from 
left to right in a rectangle, whose height is one-third 
of its length. 

The Sa of thèse diagonals slants upwards from 
right to left with the same inclination that the diagonal 
immediately above it slants upwards from left to. right 
iua rectangle, whose height is one-fourth of its length. 
. ^ The 4th of thèse diagonals slants upwards from 
right to left, with the same inclination that the diago- 
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nal immedîatdy above it sUnts upwftrds from left io 
right, in a rectangle whose height is bne-fifth of its 

The 5th of thèse diagonals slants upwards &om 
richt to left, with the 9$me imlimition that the diago- 
nal immediately above it slants upwards from l^ to 
light, in a rectangle whose height is one-sixtir of its 
length. 

The 6A of diese diagonals shnts npwardsr^*^*^ 
right to left, with the same inclination that the dîa^^ 
niQ immediatdy above it slants upwards from left to 
right in a rectangle wjhose height is one-seventh of its 
ïei^h. 

The 7th ôf thèse diagonals slants upwards from 
lighttoleft with the same inclination that the diago- 
nal immediately above it slants upwards from left to 
right in a rectangle whose height is one-eighth of its 
length. 

The 8èh of thèse diagonals idants upwards from 
right to left with the same inclination that the jdiago* 
nal iounediatcly above it slants upwards from left to 
right in a rectangle whoBe height is one mnth of its 
length* 

The 9th of thèse diagonals slants upwards from 
right to left, with the same indînation that the diago^ 
mm immediately above it slants upwards from left to 
right, in a rectangle whose height is oàe-tenth of its 
l^gth. 

D« A lîne or séries of rectangles. 
i The length of the Ist rectangl'' is half of its height. 

The len^ of the 2d rectangle is one^third ol its 
height» 
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The tengtb ti the 3d rectangle \% one^fbtairth qf its 
height. 

The length of the 4th rectangle \h one-fifth of itii 
hetebt*. 

The length «of the 5th rectangle is one>«b^lh of it9 
height. . 

The length of the. 6th rectangle is one^eventh of 

îts height, 

The length of' the 7th rectitngle is one-eighth of 
îtsheîght- 

' The lc>ngthof the 8th rectangle is one-nînth ofits 
lieight. 

The length of the 9th rectangle is one-tenth of its 
height. 

E. A ser'.esf of diagonals, slantîng upwards alter- 
S^'ately to the right and to the left. 
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^NB. 



The diagon^lsj^slanMng upwards to. the right, are 
placed withih dottcd rcctan<j;les. 



2>D 



.rn-r'î '. vjî-'Xi *' 



* The first o{ the$»e Ûnjes is a diagonal, slanting vcp-» 
•w^rds-ti) tlie riiiliu in a rectan4i;le, whose leni^th is 
hall Its nei.u-nt 

^ The. «ecouit oS thèse lines slants upwards frcm rîght 
ip left, in the çontrary direction, but with the saine 
incli?îation as a diagonal in areçtan^le, wliose length 
i» hulfit» be;igl^ . 
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APPENDIX. 



IN order to exemplify the practîcal use , of the 
foregoing Exercisess, ît has been deemed expient tç 
subjoin a few spcciinens of visible objects, to be first 
prodUced by the Pupils upon their Slates, from tbe 
dictation hère given ; and they should afterwards bê 
required to* producè in-writingasimilÀr detreription, 
the object only beiog submitted to their obserraCioa $ 
iiis évident that the objects must« as yet, be limited 
to such as are expres&ed either by Strajght or 
Curvedlines^ (being parts of axîrcle,) orboth com- 
^^>V^^^' andltjs hoped ifa^t the spécimens 
heçû ffwén will be si:fficient 10 enable il 
teachers t^ph^arè oihers for ttheniselves. 

It is aiso to be remembered, thfit striet mathetna- 
tical piecisioD îs not aimed at» but only such ac^r 
curacy as is suffîcient to érable the yQung mind 
to reason with îtstit as to the proportions of any ^ 
ohfêct itiif sires to, observe for the purpôse of de« 
scribing its outline. 

.. ■ • . ■ ' 

FIG. J. 
(See Appeadix Plate.} 

Draw a Horizoïuai Straight iioe^ 

A 



( « .) 

Divide it by nine points loto ten equaj paru. 

From each point of division, and also at the right 
and left extremity of the Horizontal line^ draw an 
Upright Straight line equal to half a tenth • 

Join the upper extremities of thesa Uprigbt 
Straight lines by a Hoiizontal Straight line» 

Cut (^ half a tenth of that line at dtber éxtrc^ 
mity. 

Divide ^he intermediate part by eîght points înto 
nine equal parts. 

r 

From eackpoint of division, and âlso from the 
pointa of division that cut off the half-tenlh, draw 
Upright Straight lineâ eqùal to half a teni\*m 

Join the upper extremities of thèse Upright Straight 
Unes by a Horizontal Straight line. 

Cut off hâlf a tenth of that liné at either extremity. 

■ • ♦ * 

. Divide the interineUiat^ part by severi pibintd into 

eîght equal parts. 

From each point of division, and also from the 
points that cut off half a tenth, draw Upright Straight 
lines equal to half a tenth. 

Join the upper extremities of thèse .Upright Straight 
Unes by a Horizontal Straight Une. 



( « ) 

Çut eff hahr a tenlh of that line (U either extremitjr, 

Divîde the iTîtôrmèdîate part by six points intci 
seven e quai par tSé 

Froia each point of division, and also from tive 
points that mark ofF half a tenth, draw UprigW 
Straight.lines equal to half a tenlh. 

Jbiii Ihe upper extremities bf thèse Upright lines 
by a Horizontal Straight line; 

* Cttti êffili^f a tent b of that line at either extre- 

mity. . .1* î. 

Bivide the intermediate part by five points into six 
çqUal parts. 

From each point of division, and also from the 
points that mark of half a tenth, draw Uprjght 
Straîght lines equal tp half a tenth. 

Jpin the upper extremities of thèse Upright 
Straight lines by a Horizontal Straight line. 

Cut ofF half a tenth of that Une at either extre- 

niity, 

Di vide the intermediate part by four points into 
five equal parts. 

From each poii^t ôf division, and also from the 
pointas that mark ofF hatf a tenth, draw UpWght 
Straight lines equal to half a tenth. 



{ • ) 

ifoio tbç wpper exiiiemîtîes ô£tlieM Upright stmight 
Unes by a Horizontal straigl^t Une* . 

^ g Ê, r 

Cut off haif a tenth of that line at ekherei^treiDky; 

Dividt ^ iûtf^n^iéte part bythree poiite into 
fuur cqi|al parlât 

From'each point of ifi vision^ aml'aTiK> from the 
poh^ts ihat içair]^. off half a tenth, draw Uprîght 
iStiaightlines equal to hal£ a tjBEDtb, 

Joiii tjiàeupper esl^temities oC thèse Uprig^t sivaîght 
lînes by a Horizontal Straighl Ikie. 

Cut off ba^ a tenj^ of thsti line at e&her extremity. 

Divide the intermediate part by two points intb 
tbi<ee equal parl^^ ' ^ 

From eaoh point of £ vision, and aiso from the 
points that mark off half a tenth, draw Uprîght 
straight linâ^ equ^ to half a tenth. 

Join the upper extremitles of thèse tTprigbt 
Straight liu^ hy ^ Horiaôntal Straight line. 

Cut off half a tenth of that line at either extreti^ity. 

Divide the intermediate part by one poitit Ihto two 
equalparts. 

From eack point of division, and aIso fihom Ihe 
points that -mark off half a tentlj^ draw an Uprîght 
straight linc equal to hal£ a tenth. 



( 8 ) 

I 

Join the npper eKlremîties of thèse Upright 
Unes by a Horizontal Straigbt Itne. 

Cut pflF half a tenlh at etther extremîty of that 

Une. 

Draw an Upright Straight Hne fn>m each pwnt 

that cuts off half a tenth. 

ioiii the v^pper extremities of thèse Upright Unes 
by à Horizontal Straight Hne. 

'jtrc. Ti. 

' <8ee App«mHai Plate.) 

Draw a Straight Une slantingdownwardiïfroni left 
to righty as the diagonal of a rectangle whose length 
isequal to one-third of its height. 

From the upper extremity of this line^ draw a 
Straight line slanting dowriwards from right to left, 
and havjng the saine inclination as the foregoing 
one ; obsetving to make the last drawh Une strong 
and the toTmer Jlne^ or what is usnaUy cailèd a Aair" 
stroke. 

Divine thèse Slanting. Une» by one point ioto two 
equal parts ; and draw a Horrzoolal linë' joining thie 
points of division. 



( 6 ) 

At the lower eîctremity of eachof die Slantln^f 
Unes draw a short. horizontal Hne. ' ^' 



Draw a Strong Upright line, 

X)ivide it byone pomtinto two c^qual parys. 

Upon the upper half of it desciibe a l.alf choie 
bent'to the ri^çht the ciirve of which îs strong m tlie 
lîiiddle and^»^ in the poîntsi 

Do th^saiTie upon the l^wer half of the upright 
line. ' - .' 



KOTE^..Ït Î8 lîop«<! that thèse «pccwiei»» «f the I<»tter« will t* «uflBcient tm 
«laMe Tcacheri; to dmtinbe for Uiem&elvcs ail the remaixiinjf prùited Jctten, both 
OApiital aiickMiialL •..'■'■ ♦ '• " * 
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l'IG* III. 

• ' (Sec Appendix Plate.) 

Draw an Upright Slraight Une. . 

Divide h by one large point înto two equal part si 

Divide each half of this line by scven points into 
eîght equal parts. ' 

« « 

Join the seventh point of divlsTOii, in tbe first half 
of die Une, tp thefirsl point of dhnsîon in the s(?cona 
half of the Une, by ahalf circle befit to the ivight. ' 



( 7 ) 

• • 

Jpîn tbefirst point of division in tbe second Iialf 
«rtheUne, iothesîxth point of division in the fîrst 
Imlf cf tlue Une, by a half cîrclebent'to the left, 

Jointhésixth point 6f division, in tbe first half of 
llïe line, to the second point of division in the second 
hûlf of the Une, by a half ch-cle bentto therîorht. 

Joui the second poîn't of dîvi^'on in the second half 
^ the Une, tothe ftfïh p>int of division, în the fjrst. 
half of theUnç, by a hàlf'circlebent to the left. 

' Join the fifth point of division in the. first half of 
llie lîne to tl»è third point of division in the second 
half of the line, by a half circle bent to the right*. 

Join the third point of. division in the second h'alf 
of the line, to the foiirth poifîXof division in the hrst 
half of the line, l^y a half cijîcle bent to the left. 

Join thefourth pqint of dw«W>i"'*h6 ^^'"sthalf of 
the line, to thefourth poiiUpfi division inlhe second ' 
luilf of the liue, by a lialf circle bent.to the right.- ' 

Join tbe fourth point of diivîsîon in the second h^lf .. 
of the lîne, to the thiid pp'yit.qf division in the fir«t ' 
haîl of the lin^j by a half circle bent lo the left;., 

Join the thinî point of division in the first half of 
the Une, to the fifth point ol iUvisÎQn in the second 
ixiiïï of the line, by a half circle bent to the right. 



^ Juin tlie fiftli point qf ; division m tbe ^cônd half 
of the line, to tlie seoond^poir.t of dîmioU in the first 
haU of the line, bya haif çîrdi^ èént to the left. 

Join the second point of division in the ûv^V half 
of the lîne, to thesi^^d^j pçiût of division in die second 
half of the Ijne, by a half pirçlo béut td tte rrght. 

Join the sixjth ponit of\dtvis#on ii\ tbe<seeond half 
df the line, to the first point of division in thie first 
half of the lîne, by a half drç^ipi^nt ^Uie left. 

Join the first point cf division in the first half of 
the Hncj to tliè seventh point of division in the se- 
cond half of the line, by a half .circle bept to the 

right, 

, «• » 

J^intbe seventh point of division in the second 
haltV t» the upper extremity of the upright Jînei by 
ahalf circle bent ta thé left. v 

' J()iil the. îippév ëxtriCTiilty of 'the first half of the 
l]|prighi iiiki^tbfthe i<»wer 'extremity byahalf circle 
beut tô the iiglit. 



f 
. } « 



NOTE.*^Thf JPv^Vkwi^t ofioe dfscrfl&td Otolfltî** çameOiy, tttm dietetiofi, 
H Mu be excellent practice to laegin at the interior poîiit, f"^^ dQMCiibe thi».ctinr« 
mt QBf 4 boHit fk-Oia Ifeft' to rîght and tkcm rightto )êft ; thun bèginniof «t ti)e 
extarior point, to d«9Crib^ U iuwmr^ii, iQ bptti dt^eqj^ooa.' )if^my<t)wii iMm to 
detignate tbU Flgitfè W ' ^^ n&me of A GrcKlar Cunéd Une udading oiitwardg 
^or inwards when ao draw^) /rçm rightto- i^, (or Jttft tq i^t,) m dMectat, aa 
aoaAfiimesaft tKo^ «M pâirs^a^ half >Iib1w, «ach fttir denokUii^ aa U were, pne 
revttlutîon o<l|t|« cuf v^p. (bei |L^é jM»!t)^ ' pMi« <lue| W*c* l*Àaef âad a àaffi 
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|8ee AiipcndlK Flâte.> 

Draw a horizontal Stnnght Une. 

Dinde it by four hirge points into five «quai parts* 

Divide the two first fiftha, eftck by one lesMr point 
i;ito two equal parts. 

Join the beginning of the Une to tfae point divl* 
dingthe second fifth,. by a half circle bent up^yards. 

Join the point dividing.the Mcondfifidi to the point 
dividing the first fiftb, by a half cirçle bent down- 
wardft. 

Join the beginning of the line to the second large 
point of division, by a half circle bent downwards. 

Join the second large point of division to the end 
of the Une, by a half circle bent upwards. 

Join thethird large' point of division to the end of 
the line by a half circle bent downwards, 

Join the third large point of division to the 4tb 
large point of division, by a half circle bent upwards. 

NOTM^^Thif Vigar% Uke tfre fonner, alter having been once «oneetlf 
draim fimm dictatkm, abould be practiied ai once, beginning froin either extremity 
of tht! curve» and direeting «Mh hall einfle to be drawo drong in the mlddle and 
flite at tJle pointa. It wiH be at the same time an excellent preparative for writlng 
and nrach improre the aynmatrx of the figure. In this and the pcecedlog Flgureit 
It il évident tbat the Scndgbt lines are only uMd as icalet ; in ail luoh a»«e 
thcy thould be drawn at Ught as pocslble, and enued as «oon as the figure is com* 
pteated j thèy are^ theM^ore, expressed by dotted linca, It is hoped,aAer a lirtle 
expérience, tbe PupUs wiU be enaUed to suppose them applied to di^uctf without 
bf^ a- tbe piiqs of draving tbem. 
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Jmd thb pbiat ta iht loft m^ttetaStf of the 
cunred linebent downwards» by'tfcUrt^Éd linebtnt 

Join thla point to- the vigfat esttremlty of clie curved 
liné km dowimafdé by a coTv^ Une bttit to tfae 
lîght 



ironu-n if erldeat thlt Figure vlUte much «iribeBhlwl I9 ti» Pmr liaei 
^•«t la tiiie plate» «od tbcie are dictated by directiag pointa to be ^mffkeA in the 
MiTÊuA ennred Unes, and theiepôliiti to te joined bj cvred liaei bvéing fbe dJk- 
reetiMi of thaïe ia Ihe ilcuro. 

<9ce iLpnB^ lUl*^- 

Praw § Curved line bent .u^]ivard»« 

Joîn the extremities of it by a curved Inip bcfiil 
40wnvirards below ît» 

From either extretnîty ^bere the curved lînes meet, 
^raw an Upright Straight Kne below it, e^al lo a 

i&raigbt Une.vhich woald join the extrethities dTthe 

curves. . « ^ 

Join thelower extreînîtieâ of thi?se 'Upright Unes 

by 41 , curved Une bent do wnwards» 

* . 

At a small distance from this curve draw anéther 
parallel to it. 

Cut off by a pomt two-thîrds of the Upright line 
next the right hand. 



t » ) 

Jom the bcpnHÎng of the lîne to the second pcwnt 
of division by a half circle bent to the rigbt- 

Draw anolher curve at a smfkU ^isiaiW^ &9fQ ^^ 
parallel U>4t* 

y 

JFIG. riih : 

(See AppendU Plate.) 

Uraw a ft^A^ Horizontal Straîght Une» 
Div^.de il by one point into two equal parta^ 

From the point of division draw a Straîght lin€ 
llanting upwards from left to rîght, whose inclination 
Ss equal that of the diagonal of a whole square» 
andequai inlengthto thewhole of the Horizontal 
]ine« 

From the same^poînt draw another Straîght lîne^ 
rianting upwards from right to left, havin^ t^ «ame 
inclination as the former, but in the contrary direc-' 
tlon, and equal tp it in length. 

Across the upper extremîty of the first drawn slant- 
îng line draw a straight Une, equal and paiallel to tbe 
second drawn slantîng line, half at the right and half 
at the left side of the slantîng line. 

Through the upper extremîty of the second drawa 
Slantîng line, draw another Straîght line equal and 
parallel to the first drawn Slanting Une, and bo situated 
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tftat hftir be ai the right side and half at the left pf 
tbe slantiiig line. 

Join thé point of division çf the base line to the 
«pper cxtremity of the first Jrnwn slantîng line, by a 
Curved line (orfourthpart of a Circle) bentupwards, 
indiningto the Iclt; and at a very small distance 
above it, draw another Cui-'ved linè parallel to it. 

Join both extremhîes of the second drawn slantîng 
line with curved iinesin like manner, bent upwards 
inclinincr to the ri^ht. 

Join the begînning of tliebase line to the point of 
divîs on, by a cprved line (orfourth part of a circle) 
bent i^>w^rda; 

Join the saaie point by a similar Curved line bent 
dQwhwards. 

Join the point of division to the end of the base 
line in like manner, both by a curved line bent up* 
wards and one bent downwards, ' 

Join the vpper extremit^ pf the first drawn parallel 
lineto îts midd le point by aicurved line bent upwards, 
inclining to the right, and also by a curved line bent 
downwards inclining to the left. 

: Join thé mîddle point of thesame lineto îtsloweï 
cxtremity^ by a curved line bent upwards, inclining 
tp the right, and also .by a curved Uile bent downwards 
jnçlining to the left. , 
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Join the lippcr extiemity of the • second drawn 
fitraight lineto îts miildle point by a curved line bent 
upwards, inclining to tbe left, and aUo by a çurved 
line bent downwards inclining to tbe right. 

Join the middle point of the same line to its lower 
extremity, by a curved line bent upwards, inclining to 
' tfae left» and aiso by a curved line bent downwards in« 
cliningto theright. 

From thci point pf division of the Horizontal line 

•draw an Upright line below it, equal to one-tbiid ' 
ofit. * 

Join the extremitiés of this last line towards the' 
right hand by a curved line bent to the right. 

Ât a small distance from this curved liiie draw 
anotlier parallel to it. 

Rub out ail the Straight lines. 

FIG. IX. 
Otae AppemUx Fl«m 



Draw a Horizontal Straight Une. 

At each extremity oi it draw an Upright Straight 
Jînc equal to twice the length of the Horizontal line. 

Join the upper extremitiés of thc&e Upright linos 
hy a Horizontal straight Une. 



Divide the Hor^ontal àd^ of ihU cectaagle bj 
lliree points intofour equal parts. 

Divide t;faie Upriglit side^ of this xect^Qglje by seveg» 
points into eight e.qu0} pojfta. n 

At the distance of one-fourth of the ba^e; Une» ouU 
side the rectahgle, draw Unes pacallel^ 1;o tbe sidie& of 
the rectangle, and wi^h tlie^c iiae& com^kUi^ ai rect^ 
sngle exterior to the hrst. 

Upon the rigjtit upright side of this exteriqr rec^m- > 
gle draw anotber rectangle equal and sÂmilfir to it^ 

At the distance of one-fourth within thîs, describa' 
another rectangle equal and similartp^the. first% 

' Divide the Horizontal sjdes of tbjii i^eclwgle by 
three points into four equal parts. 

Di vide the Upright sides of this rectangle by çevea 
points into eight ^qual parts. 

From tbe fir§t point of division on the left Upright 
side to the first point on dae- ï^per Horizontal side, 
draw a Slanting Une. 
- From the second point on Ae Iteft Upriglit side lo 
the second point on the upper Horizontal side, draw 
a Slanting line. 

From tl|0 third, point on tbe kft Uprij^t ^ide t^ the 
third point on the upper Hori^HitaJ «iiie^ dri»w a 
Slanting Une. 

From the fourth point on tbe lejft IJgçigJ^t aîd^ to 
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i the rîght extremity of tibe «pfi%r Horizontal wde, 
dra^a Slanting line. • 

Froni the fifth point on the kft Uprîght side to the 
firét point on the right Uprigbt aide, draw a Slanting » 

From the sixth' point on the left Upright side ta the 
second point] of the right Upright side, draw a 
Slanting Une. \ 

From the seventh point on the left Upright ftîde to 
the third point on the right Upright ^ide, draw a 
Slanting line. , ' 

From the lower extremity of the left Upright side " 
to the fourth point on the right Upright sidejt draw 
a Slanting line. 

From the first point on the Jower Horizontal side 
to the fifth point on the right IJ^^right side, draw a 
Slanting line. ^ 

From the second point on the lower Horizontal 
side to the sixth point on the right Upright side, draw 
a Slanting Kne. 

Froffi tliè thîrd point on the lower Horizontal side 
to the seventh point on die right Upright side draw a 
i>ktnting line. 

^ From the. first point of division on the right tTp* 
right side to the third point on the lïjiper Horhsontal 
iide^ draw ^ Slantûig tii 
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FroTTî thc Second point on the right Uprîglit stde 
to tbe second ^pc|int on ihe upper Horizontal side, 
draw a Sianting line, 

From the thîrd point on the rîght Uprîght sîde to 
tl^e fîrst point on the upper Horizontal side, draw s 
Sianting line, 

Prom the lourth point on the right Uprîghf sîde to 
the Icft extremity of the ijpper Horizontal Une, draw 
a Sianting line. " ' 

From the fifth point on the rîght Uprîght ' sîcle to 

the fin»t point on the left u^right si Je, draw aSIanting 
Kne. ' 

From the sîxth point on the right upright side to 
the second point en thé left upright side, draw a SJaiit- 
inir line. 



J o 



Frotn the seyenth Y)oint on the rîght upright side 
to the third point on the left upriglit side, draw a 
Slantînff Une. 

From the lower extremity of the right upright side 
to the fourth point on the left upright side, draw a 
Sianting line." 

From tlie; farst point of division on the lower Hon- 
2ontaI side tô-the^fth point on the left upright side^ 
draw a Sianting Une. 

From the second point on the lower Horizontal 
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wde to the sixth point an the left upright side, draw 

A Slanting line. 

From the thîrd point on the lower Horizontal sîde 

to the seventh point on the left Upright side, draw a 
Slanting liqe. 

KOTB^^lt h évident ihat the points ol division of the flnt dnwn interior 
netangle ouy Wê joined in like nuuincr, in order to eompiele tbe ol||ect m i» 
tbePUte. 

FIG. X. 
(See Appendix Phtei) 

Draw a Horizontal Straight Itne. 

Divide it by nine points into ten equal pfirts. 

Ai each extremity of it draw an upright Une above 
it, equal tô three-tenths. - 

Above the third point of division draw an upright 
lîne equal to three-tenths. 

Al>oTe the seventh point of division draw an up* 
right line equal to three*tentbs. 

Join the upper extremity of the first ând secoAd 
Upright Unes with a horizontal Jine. 

Join also the third and fourth with a horizontal line. 

l)raw Horizontal Unes tit a small distance above 
thèse, equal and parallel to them. 

Mark a point above the iifth point of division at the 
JieiglU of ûve-tenths froin it. 
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Joîiî thi« point by a Slantînglîne to tlte rîghtiip^ 
pcr angle ol the square next the left. 

Draw another equal and parallel to ît, at a stnall 
distance above it. 

Andalsoby anofher Slantîng Une to the left upper 
•ngle of the square next the right« 

Draw another equal and paraHel to it atasmall 
distance above ît. 

From the top oi the left upper angle of the left 
square draw alineslanting upwards, parallel to the 
first drawn slanting lliie to the perpendicular heigbt 
of ibur<?tenths and a balf above the base line/ ftnd« 
draw a horizontal line from ils trpper «xtreroity to» 
wardsyour right hand, until itmeets tjie first drawn 
slantîng line.' 

ïVom the top of the right upper àiugle of the 
right square draw a line slantîng upwards, parallel to 
the second dpawn «lanting Une, to the perpendicular 
heigbt of four tenths an<l a half above th^' base lin^ 
and draw a horizontal line from its upper extremity 
towards your loft nand ûntil ît meets the second 
drawa «kuïting Une. 

Above the second lenth, at tîie hoîght of one-tenth, 
draw a horjzontariîne equal and parallel to il, and 
upon this line comjplete a square above iu 



* 
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BWd* e»a of its «ule» by th«e poînl» feto fou» 

Juin thé first poiot of the upper W.xonUj s.de to the 
arst point of the left «priglit «d* by a sUnting Une. 

Join the wcoBd point of tfee upper hori«M. toi «ide t» 

the second of *« Ipft «P"gl»<' «^e, by a alanting hne. 

Jôin Oie diJrd point oC the «pper horizontal àde 

to the Oiird point of the left upright side by a slanUng 

"jôin the arst of the right upright «de to the first 
of the lower horizontal «de, 

Join the second of the ri ght upright side tô the 
second of ihe Wer horiaontal side. 

Join the third of the right upright side to the third 
«C the lower horizontaî sidé»' 

Join also thetWrd of the upper horizontal »kle hy 
a sUnting Une to the first of the right upright «de. 

Join the second of the upper horizontal side to the 
gfiçood. of; the right upright «de. 

Join the third of the upper horizontal side to the 
thirci of the right upright side. 
' Joittthe first of the left upright %ide to the tiùrd 
of the lower horizontal side. 

. Join the second of the left upright sîde to the second 
irf tl»e lower horizontal side. - 
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Join the third of tbe leil upright side to the firsf 
of the lower horizontal side. 

A bcve the ninlh-^tenth, at theheight of one-tenth, 
draw a horizontal Une equal and parallel to it, and 
upoh this Une complète a square above tU 

Divide eacli of its extremities and dtaw slanthig 
Unes as in the square, above the second tenth. 

Above the fifth and sixth tenths, at the heîght of 
three-tenthS| draw a horizon tal straight Une equal to 
two-tenths, ^, 

Join its extremities by a half circle bent upwards. 

Divide this horizontal Une by one point into two 
equal parts. 

From the point of division draw an Upright Une 
upwards until it meets the half circlet 

Divide this upright Une by three points' into four 
equal parts. 

Divide each of the parts of the horizontai Une by 
three points i ntoibur equal parts. 

Join tiie, third point of division of the first half of 
the horizontal Itn^ to the third point of division of 
the upright side, by a slanting Une, and extend it up- 
wards to the rîght until it meets the half circle* 

In like manner th^emainiiig points may be sue* 
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•essive'ly directed to be joined until ail the lines in tlit 
Plate are draw». 

From the faurth and sîxth points of division of the 
base linft draw upright straight lines above it, eqUal 
to two-tenths of the basç. r 

Join their upper extremities by a curved Une beiij 
upwards. . . ^ . . 

Dividethefifihand sîxth tenths of the basé re»- 
pectively, by five points into six equai parts. 

Draw upright lines through each of the points of 
division upwatd, until they meet the he^lf circle ; and 
fitrengthenrthe qne "whiçh passes through the fifth 
large point of division of the base. 

NOTE, It is évident that this Figufe, when oconpleated, may gire rlse to n 
infinité numberof usefUl calculationsy'auch as, ** Supposing the base Une to be 40 
feet long, how many feet of surface does the whole front oontain ?'* " How mah^ 
yex«hea of Mason-work?" *• How many square feet in the doon, wUido«% «m. |M^ 

(See Appendix Flate.) 

Draw a Horizontal Straight line. 

Divide it by three points ipto four equal partp* 

From the leftextfemijyof this Une liraw an np^ 
rîght line equal to three-fourths of it. 

From the first pojint of division alsodraw aP np^ 
rîght line equal to three- fourths. 
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Froni thèse poInU draw upright Unes upwàrds iiil 
they meet the second horizontal line, which \#îll 
thereby bedivided by 12 points into 13 parts, and 
mark tbo points that would divide ail the parts, except 
thelast, intohalves. 

From thèse points draw upright Unes upwards till 
they meet the first horizontal iîne. 

Below the eleventh Une draw a horizontal Une at a 
smaU distance from it, cqual and poraUel to it« 

Above the horizontal Une, at a smali distance from 
it, draw a horizontal Une equal and parallel to it. 

Divide each of thefourths of the original base Une 
by two points into three equalparts. 

From each of the points of division of the first 

-fourth draw upright straight Unes equal to haU' a 
iourth. ( 

Mark aiso in the base Une the point that would 

divîde the first fourth into two equal parts. 

Aiso above tfais point, at the distance of three 

fourthsof a fourth of the base, mark a point. 

Joîn this point to the upper extremîty ot the 
upright Une next the left band, by a curved Une bent 
lo the left, incUning ùpwards. 

.Join it aiso to the upper extremity of the upright 
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finenextthe rîght hand, by a curyed Kne bent é# 
the right, incliuing iipwards. 

Outside tb^se curved lines, at a small distance from 
them, diaw curved lines parallel to each of them, aiid 
join their lower exlremiiies to the base line by up- 
right straight lines. 

Divide the second thîrd of the. first fourth of tht 
base line by five points into six equal parts. 

From thèse points draw uprîght Unes till they meet 
the curves above them, 

DiTide each of the fourths of the original base line 
by three points into four equal parts, taking care to 
distinguish thèse points from tbose whîch divide the 
parts of the base into three equal parts. 

At the heîght ot one-fourth of the base line, abovê 
the second and third fourths of the first p^rt of it, 
draw a horizontal straight line equal to two«fourtbs 
of that part 

From each extremity of this line draw upright Une» 

above it, equal to one*fourth of the same part of thè 
base. 

Join the upper extremities of thèse upright Unes by 
a horizontal^traight line. 

Above the middle third of the first part of the base 

line, and at the height of two-fourths of the base, draW 
a horizontal straight Une, e^al and parallel to the 

middle third 
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Joîn thîs point also to the rîght extremlty cf the 
short li)ri/.ntiil lina, immediately above the bixth 
point of division of the isame Une. 

Join italso to the point that woitld divide the second 
ci thèse lesser hoiizontal lines it)to Iwo eqval parts. 

Throu^h thîs upper point «dravv a short uprîght 
Une, and across its middle point draw a short horizon*^ 
tal Une both ways. 

Above the second and thîrd fourths of the seconcj 
part of the base Une, ând at the heightof one-fourth, 
draw a horizontal {^trai^ht line e^al to two-foutttïr, 
of one part of the base. 

Divide it by three points înto four equal parts. 
From either extreniity of this horizontal line draw 

upright lines equal to three-fourths of one part of the 
base. 

Above the second point of division of the last 
drawn Horion tal line, at the height of twîce and one- 
fourth of itself, mark a point. 

Join this point to the upper extremity of the right 
upright line by a curved line bent upwards inclitiing 
to the right. 

Join this point ako to the upper extremity ofthe 
left upright line by a curved line bent upwards in- 
-clining to the left. 

Draw curved Ivûtes paralkl to thèse at a jsmall dist- 
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ance wiihout them, and aiso Unes parallel tù the up* 
right lines^ at the saine distance witfaout tliem. 

' Extend the base Une a sniaK dislanee at either 
extremity. From each extreniity of it dl-aw short 
upright Unes below it, and join their low^r extremitie» 
by à horizontal Une. 

From each of <he three points of division oi the 
extended horizontal line^ draw upright Unes equai to 
tho&e already drawa. 

Join the upper extremities of thèse upright Unes by 
a horizontal Une drawn across until it meets the 
lower extremities of the curves. 

Divide thèse upright Unes by three points into four 
equal parts. 

Through the points of division draw horizontal 
lines extending from the left upright to the right up* 
right Une, 

Jdîn the upper extremîty of the left upright Une to 
the upper extremity of the third upright Une, by a. 
half circle bent upwards* 

Join the upper extremity of the third upright Une 
to the upper extremity of the right upiiglU Une, by a 
half circle bent upwards. 

Above thèse half cîrcles describe a whole circle a» 
large as can becpntained between them and the upper 
curved Unes* 
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Hark the p<HRU wheve an uprigbt and a lioriaonut 
Une would iatenact this circle.. 

Joia tbe pokMt at tfae left extr«mitf of die horizon- 
lai lîne ta the upper extieiuUy of tbe uprigbt linebj 
a currad lîae beiU downwurds inelioiagto tbe rigbt. 

Join the point at the upper extreioity cf tke npi^^bf 
line tso the rigbt extres^ity o£ tbe bo»i&»nfal liae by a 
Cimml Une bent dow«warda ioeiiniag to tbe left* 

Join the point at the rigbt extveraisjr ot the bori« 
flDUtal Ime to die loWer extrcniity of the uprigbt line» 
hj a eiurved line bent upwardâ iacliuing to* tbe ieft. 

Join the point et the lower ^direroky of the uprigbt 
line to tbe Icft extremity of the horizontal line, by 
a curved line bent up\i^ards inclinfng to the right. 

On either sides of the middle uprigbt line draw 
uprigbt iine^ parallel to it^ at small distances irom it« 

NOTE. In Uke manner the remaining Windows may bo deacrObed abort the 
other'portioiM of the base Une, and it is évident that the effcct of stone wock 
iWlffatlN iroduceA gm. aoy icaU bgr ai^lyki» th» directioiiA given ia FJQ, /• 

FIG. XIT. 
(See Appendix nate^) 

Draw a half drcle bent upwardifc 

Join its extremities ^//^A^^^ with a borîzontalimer. 

Continue the curve of the cfrcle from the Idl ex- 
lèe^Hty to a gniall distance below it. 



. . ( « ) 

eqaal parts. 

Bëlûwthefirst?mtf^ecoftdpèirtt9f)f dîtî«îon^ on a 
îine wîth the lowef extremityof theiîurved^ Kae<^«4im 
eateaàeèy mark» two pôintsv 

Joînthefirst of thèse .points tp the recoud by^ 
curved Une bent upwards. 

From the second of thèse poîpts draw an upnght 
line downwards, equal to the horizontal Une. 

. From; th» fir«t of thèse points draw .anuupright Une 
downv*rdl^ «quai to half the horîzonl^ Une, ^ 
draw anotha- pacallel to U at« sinaU distance from it 
tP the left ; and from the left extremity of the original 
curve, when extended, draw another upright Une equal 
to'theae. 

Divide the greater upright Une by one point into 
two equal parts. 

To the left of the line, at asmaU distance below 
the point of division, mark a point. 

Join this point to the lower extfemities of each 
of the upright Unes by curved Unes bent downwards, 
inclining to the left. 

From the right extremîty of the half circle draw 
^j\ upright line downwards, until its lower «xtremîty 



( S6 ) 

têfigeê wîth the loww extremity of the greater wp- 
right line already drawn. 

Frora tbe be/;iniiing of the horizontal line draw » 
•trai^it line slanting upwards irom left to right, faa-> 
ving the same inclination qk the ciiagonal of one-thîrd 
of a square placed horizon tally. 

Dlvide this slanting line by three points into fbtu? 
equal parts. 

Divide the second and third fourths cach by one 
point into two equal parts. 

Join thèse two latter points by a curred line bent 
tipwards, inclining to the left, and also by a curvedi 
line bent downwards, inclining to the right. 

Withîn- thèse two curved lines describe a small 
cîrcle, and above the curved line bent upwardb, drair 
anpther parallel to it at a small distance from it« 

Bub out ihe horizontal and slanting Unes. 
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Description (^ TcmtiU 

Ihoa € linc 1 fi» fo» •• »*»«< ^ mam^" wad, *• TVhaiio t/9^ mHm»'^ 
s 1% line 1 5» for «fe«," wad "greater.'» 

'*'• tjual paru.** 

AppendiûP* 

VftM 4 line 15, for tbe Word ««r«v»" «■d*''^» «'•*'*^'* "'"^ 
^^ £iiMf « hair-ttroke" 

Une 1 6, Instead of « i*«*»" rend « Srwv.** («pnwed in it» 
Plate by a double lioe.) 
A. Afker tbe Iburth Kne inaert» « J-n»» «e begtming md end <if ^ 
* Une, andjhm the poM qf division, drmo korizontailêHes towardi 
tkerigM» equal te one-third <tf the uprighi Une»,** 
«, Une 18, Insert, ** qf Ute second ha^f,** «fter Uie iroidB**tomr 
extremUff,** f 

the karixonta Une,** 
mu FlfthlinefromtfaebottoiB,aftqrtlietroid"ci uMi iiii wr d^ 

anoOer Cnrved line àelow «, pamUei 1o «.*' 

1 5, Tentb Une^ Far •' one4h$rd,** tetd** mmJUiiif,- . 

l 6, deventh Une, §at*^ Mtke ditUmee^ lead» **at tke ,mme dUUmm 
tu b^ore** x 

.fl I» After tbe ninth Une, intert, * Join the Hdd eatremUti (^ tke upper 
harinontat tide, to the k^ CM^imU^ <athe Urmr horkaôntid me, 
ty a maHUng Une. — v y 

Tirentieth linc^for «/o^i» the third^ read, «iM» tkt JMt^** «nd 
after thii aentenoe intert, ** Jo$n the baiHming of the upptr 
horizontal Une, io the end qf the loiaer horiSonua Une.** 

S8» TettûilâjM^^aMteodoi**Jio9€thohon»mtalt** mdi ".idon» thê 
Jbrd horizontal,** ^, 

9 1, lliiid Uœ» iortMâ af bf « crjM^igAf,'' reMi, by ^ M rjpr^ML** 

Fcmrth ihxm tbe bottom, ImlMl Utb» **W txtrtmiip$** iwd^ 
** righi oKtremltp,** 

Sg, fSrrtUne, Inrtead of *<r^tf«<m>il(^*' tcid, ••kftMlrvmi^ 
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